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Agriculture and subsistence practices are believed to play an important role in the 
development of social complexity in Mesopotamia. However, very little 
palaeoethnobotanical research has been conducted to test this assumption. This 
dissertation examines comparative plant materials from Southwest Asia and 
archaeological materials from the 2008–2010 excavations of the Ubaid period regional 
center of Tell Zeidan, Syria to provide the first microbotanical insights into subsistence 
practices during the formative stages of social complexity in northern Mesopotamia. 
This dissertation is composed of four separate, but related, research projects. The 
first two examine phytolith and starch grain production patterns in taxa common to 
Southwest Asia (181 non-grass taxa for phytoliths and 64 taxa for starch grains). 
Knowledge of these patterns is important to understand the range of identifiable plants and 
their parts that may have been used by the people of Tell Zeidan. The results of these first 
two projects demonstrate that a small number of taxa produce plant microfossils that are 
either diagnostic of their plant part or at the genus level.  
The third study examines phytoliths from sixteen sediment samples from Ubaid 
period domestic contexts of Tell Zeidan to reveal use areas and assess fuel use. The 
burning of wild grass husks and leaf/stem tissues found in hearth waste suggests that crop 
byproducts were used as a fuel source.   
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In the fourth study, six dental calculus samples from five individuals from the 
Halaf/Ubaid transition, Ubaid, and Late Chalcolithic 2 period were analyzed to explore the 
potential for dental calculus research at Zeidan. Recovery of phytoliths, calcium 
spherulites, pollen, charcoal, and fungi from the calculus reveals the complex nature of 
dental calculus formation and potential insights into diet and/or dental hygiene practices 
during the Halaf/Ubaid transition. The overall results of this dissertation provide the first 
ever phytolith analyses of Ubaid period materials and lay the foundation for future plant 
microfossil research into the complex relationship between emerging social complexity 
and subsistence in northern Mesopotamia.  
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Chapter One: Introduction 
Knowledge of food production and consumption patterns is essential for revealing 
the role, if any, of subsistence practices in emerging social complexity. Early complex 
societies emerged during the Ubaid period (6th millennium B.C.) in southern 
Mesopotamia and provided the foundation for later highly complex state level societies 
(Carter and Philip, 2010; Henrickson and Thuesen, 1989; Stein and Rothman, 1994). The 
importance of subsistence practices, particularly agriculture, in facilitating the rise and 
spread of complex societies in Southwest Asia is widely accepted (Adams, 1978; Mellart, 
1965; Rothman, 2004) yet, with a few exceptions (Graham and Smith, 2013; 
McCorriston, 1997; 1992; Miller, 1997; Neef, 1991; Zeder, 1994) little is actually known 
about subsistence practices in Greater Mesopotamia (the Tigris-Euphrates watershed) 
between the 6th and 4th millennia B.C. Within this dissertation, I explore subsistence 
practices at the Ubaid period regional center of Tell Zeidan, Syria through the 
examination of phytoliths and starch grains in four different but related projects. Each of 
the following four chapters forms a discrete study in which the methods, conclusions, and 
associated bibliography are presented together. 
Starch grains are microscopic carbohydrate bodies that are produced by plants as 
a means of energy storage and can be identified to the genus and species level (Torrence 
and Barton, 2006). Identifying starch grains from archaeological contexts, however, 
requires a detailed understanding of which taxa produce starch grains and whether or not 
these grains are diagnostic to that particular plant. Being able to identify different taxa is 
made all the more important because starch grains exhibit damage associated with 
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specific activities, such as cooking, grinding, and fermentation thereby allowing for 
another level analysis and interpretation (Torrence and Barton, 2006). 
Archaeological starch grain analysis has been used to examine the diet of modern 
humans in China (Li et al., 2010), Peru (Piperno and Dillehay, 2008) and Mexico (Scott 
Cummings and Magennis, 1997) of some of our ancient hominin relatives such as Homo 
neanderthalensis (Henry et al., 2011) and Australopithecus sediba (Henry et al., 2012). 
Some work has been conducted on understanding taxa from Southwest Asia including 
most of the major domesticates as well as many wild taxa, such as Typha latifolia, 
Fritillaria armena and Tulipa hageri (Reichert, 1913). However, much work remains to 
be done and this dissertation aims to partially fill that gap. 
Chapter 2 provides a summary of published works on comparative starch grain 
research in Southwest Asia and examines the potential of 64 economic and wild 
Southwest Asian taxa from Syria (representing 22 families) for their potential to produce 
diagnostic starch grains. In this chapter attempts are made to centralize and organize 
information regarding starch grain production patterns and diagnostics from this region. 
Chapter 3 focuses on understanding phytolith production patterns in 350 plant 
samples representing 44 families from 181 select non-grass, predominately weedy taxa 
that have not been published in the comparative literature. Phytoliths are microscopic 
silica bodies that are produced in plant tissues and are identifiable at different levels of 
taxonomy such as family, subfamily, genus, species, and plant levels. These inorganic 
crystals can survive for millions of years and have been recovered in archaeological and 
paleontological sediments, artifacts, and tooth plaque (dental calculus) contexts (Pearsall, 
2000).  Phytolith analysis in Southwest Asia has been conducted for several decades and 
  3 
has primarily focused on earlier contexts such as the Natufian (Portillo et al., 2010) and 
Mousterian (Albert et al., 1999) periods given the relative paucity of macrobotanical 
remains recovered during these time periods. The comparative analyses of phytoliths 
from this region has been conducted for just as long as the archaeological research but 
has been heavily focused on understanding production patterns within the Poaceae (grass) 
family. This focus on grasses is understandable given that important crops such as 
Triticum sp. (wheat) and Hordeum (barley) were domesticated in this region and produce 
so many diagnostic phytoliths.  
Given that phytoliths and starch grains are produced by an extensive array of 
plants, including cereals and non-cereal food items, and are preserved in a broad variety 
of contexts, these new techniques allow archaeologists to identify a wide spectrum of 
plants, complementing  data generated from charred macro-botanical assemblages. 
Separate analyses of phytolith and starch grains can offer new insights into ancient plant 
use because, while they are subject to different taphonomic factors, they serve as 
complementary types of data.  
Palaeoethnobotany is an excellent tool for investigating the emergence of social 
complexity because food production and consumption patterns are intimately related to 
social interactions in all societies (Pearsall 2000).  More specifically, agricultural 
production formed the economic base of most early chiefdoms and all early states by 
acting as one of the most important sources for the production of surpluses through 
intensification. To date, palaeoethnobotany has been underutilized as a tool for 
generating and testing theories related to the emergence of social complexity in this 
region despite having much to offer. The first step in understanding this complex 
  4 
relationship is by documenting the nature of food production within these societies such 
as food production during the Ubaid of Mesopotamia. Ubaid period plant use will be 
addressed in Chapters 4 and 5 through the analyses of phytoliths and starch grains 
recovered from sediments and human dental calculus samples from Tell Zeidan, Syria.  
Tell Zeidan is a tri-mounded, multi-period site located at the confluence of the 
Balikh and Euphrates rivers in northern Syria. This 12.5 ha site has a continuous 
occupation dating to Halaf, Ubaid, Late Chalcolithic 1 and 2 periods (5,800 and 3,800 
cal. B.C.,) and a later occupation dating to Early Bronze Age period (3,000 to 2,800 B.C.) 
with the entire mound being occupied during the Ubaid 3–4 period (later 6th through mid-
5th millennium) (Stein, 2011). It is during this crucial Ubaid 3–4 period that markers of 
emerging social complexity such as temples and specialized craft production begin to 
appear throughout Upper Mesopotamia.  
Tell Zeidan was excavated between 2008 and 2010 by Professor Gil Stein in 
partnership with Annas al-Khabour (2008), and Muhammad Sarhan (2009–2010) from 
the Raqqa Museum, Syria (Stein, 2011; 2010; 2009). Dr. Alexia Smith and the author 
collected sediment and dental calculus samples from Tell Zeidan during the 2009 and 
2010 field seasons respectively. Phytoliths contained in sediments within domestic 
contexts during the Ubaid period at Tell Zeidan will provide insight into subsistence 
practices while phytoliths and starch grains contained in Halaf, Ubaid, and Late 
Chalcolithic 2 human dental calculus will shed light on changes in diet and subsistence 
over time at Tell Zeidan. 
 In Chapter 4, I present the first phytolith research on remains from the Ubaid 
period in northern Mesopotamia. The goal of this study is to reconstruct subsistence 
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practices thereby providing the botanical foundation necessary for future analyses into 
the role of plants in social complexity. In this project I analyze 16 sediment samples 
taken from hearths, floors, burials, bins, and trash deposits dating to the Ubaid 3–4 period 
(later 6th through mid-5th millennium). The results of this study will provide insights into 
what types of food plants were being produced and consumed and how these plants were 
being processed. This study will also explore how the inhabitants organized their space in 
one of the domestic areas of Tell Zeidan. Finally, this study will lay the foundation for 
future work into exploring and testing theories related to the social and economic 
organization of the people at Tell Zeidan as well as theories addressing the development 
of social complexity during the Ubaid.  
  Dental calculus is a brand new area of archaeological research that can provide 
insights into an individual’s diet and health through the analysis of plant remains, DNA, 
bacteria, and stable isotopes trapped in an individual’s tooth plaque (Henry, 2012). 
Dental calculus forms on the outside of human and animal teeth as a calcium phosphate 
film that traps any particles that enter the mouth. This bacteria laden film then hardens 
trapping any materials that are embedded within its durable matrix providing 
archaeologists with a treasure trove of information that can survive over long periods of 
time (Henry, 2012). This avenue of research has already begun to yield exciting results 
into the diet of the extinct Australopithecus sediba (Henry et al., 2012), Homo 
neanderthalensis (Neanderthals) (Henry et al., 2011), and Mammut americanum 
(Mastadon) (Gobetz and Bozarth, 2001).   
In Chapter 5, I examine the diet of ancient Mesopotamians through the analysis of 
phytoliths and starch grains trapped in six dental calculus samples from four individuals 
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dating to the Halaf/Ubaid transition, Ubaid, and Late Chalcolithic 2 periods at Tell 
Zeidan. The results of this analysis will shed light on the diet of these individuals; the 
complexities of dental calculus analysis; and some of the problems associated with the 
inherent assumption that calculus inclusions are always associated with diet and/or 
medicine. 
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Chapter Two: Comparative Analysis of Starch Grains Produced in Select Southwest 
Asian Taxa 
2.1 Introduction 
 
Southwest Asia has been the subject of considerable archaeological study for over 
100 years. Starch grains have also been studied in food science and botany for nearly just 
as long. However, it has only been within the past 30 years that archaeologists have 
begun to bridge the gap between the two by recognizing the potential application of 
starch grains in archaeological research (Torrence and Barton, 2006). Understanding 
which taxa do and do not produce starch grains is crucial in order for archaeologists to be 
able to understand which taxa can be identified and how these starch grains relate to 
human and plant interactions. 
To date, the majority of comparative starch grain research in Southwest Asia has 
focused on domesticated and wild taxa associated with beer brewing in ancient Egypt 
(Samuel, 1996) and the diets of middle Holocene farmers (Henry and Piperno, 2008), 
Upper Paleolithic hunters and gatherers (Piperno et al., 2004), and Neanderthals (Henry 
et al., 2011). In addition, the comparative starch data associated with these reports and in 
other plant and food science literature are scattered across multiple disciplines making it 
difficult to assess production patterns and diagnostic capabilities of important 
archaeological taxa within the region.  In this paper I thus seek to understand the research 
potential and limitations of archaeological starch grain research in Southwest Asia by: 1) 
centralizing what is known about comparative starch grain research in Southwest Asia 
and what taxa produce starch grains; 2) examining 64 previously unstudied taxa from 22 
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families to assess their production patterns; and 3) examine the diagnostic potential of 
starches found in these new taxa if present. 
2.2 Starch Grain Production in Southwest Asian Taxa 
 
Starch grains are microscopic carbohydrate bodies composed of alternating layers 
of amylose and amylopectin formed throughout plant tissues and are broken down into 
two general classes, storage and transitory (Tester et al., 2004). Storage starch grains can 
be quite large, varying between 5 and 100m, and are produced in the storage portions of 
the plant including seeds, roots, tubers and corms. Storage starch grains provide energy 
for plants during periods of dormancy, such as during cold winter months, and can also 
provide the energy necessary for seeds to germinate (Torrence and Barton, 2006). 
Transitory starch grains, in contrast, are small (5m or less), lenticular shaped, and are 
produced wherever chloroplast is present in a plant. Energy produced through 
photosynthesis in the daytime is stored in these small grains for use later at night (Sivak 
and Preiss, 1998). 
 Starch grains are identified by archaeologists through the examination of optical 
traits such as size, two and three dimensional shape, hilum, birefringent cross, fissures, 
lamellae, and surface textures  (See ICSN 2014 and Gott et al., 2006 for detailed 
descriptions of possible features). These traits can be used to identify starch grains to the 
genus or species level if all the necessary cogenerics have been studied (Perry, 2004; 
Reichert, 1913).  
Starch grains can preserve in archaeological contexts such as sediments (Parr and 
Carter, 2003), dental calculus (Henry et al., 2011), and artifact residues (Piperno et al., 
2004) providing a new line of evidence to complement other types of paleoethnobotanical 
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remains such as macrobotanicals, pollen, and phytoliths. Starches can also exhibit 
damage associated with activities such as boiling, baking, parching, popping, and 
fermenting (Henry et al., 2009). These damaged starches provide direct evidence for 
processing and cooking activities and allow archaeologists to ask new, very specific 
questions related to subsistence practices.   
2.2.1 Organization of Comparative Southwest Asian publications 
 
Research on the chemical, physical, and optical properties of starches produced 
by taxa from Southwest Asia can be divided into two major categories: archaeological 
publications and food and plant science literature. Archaeological publications are fewer 
in number when compared to the food and plant science literature and focus on 
descriptions of optical traits of starch grains that can be used to identify them. Journals 
within the food and plant science literature, such as the journal Starch – Stärke, focuse 
more broadly on describing the basic chemical, physical, and optical traits of starches, 
their role within plant physiology and systematics, and their industrial applications.  
The most comprehensive and detailed information about Southwest Asian taxa are 
embedded within archaeological site reports from this region. These publications provide 
the best source of data because they cover almost all of the domesticated Southwest 
Asian taxa except for Triticum durum (durum wheat), Triticum compactum (club wheat), 
Hordeum distichon (two-rowed barley), and Vicia ervilia (bitter vetch) and include 
information about related wild taxa, particularly wild grasses, that may have been 
consumed (Henry et al., 2011; Henry and Piperno, 2008; Piperno et al., 2004). These 
domesticated taxa occur in later time periods that have not been the focus of earlier starch 
grain research which may be why they were not included in the these reports.  
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While the comparative materials within these archaeological publications are 
illustrative and descriptive of many taxa, they do not provide detailed descriptions of the 
optical properties of all the taxa they discuss and only address starches produced in seeds. 
Having thorough descriptions of starch producing taxa, including weedy taxa, included in 
publications will aid researchers by providing information about which taxa do and do 
not produce starches and potentially help researchers identify their own unknown 
archaeological starch grains that were not identifiable through the use of their own 
reference collection.  
Southwest Asian taxa are also described in archaeological publications from other 
parts of the world either because they were an introduced species or because their natural 
distribution overlaps with Southwest Asia. For example, Yang and Perry (2013) analyze 
starch grains from the tribe Triticeae that grow in north China. They include introduced 
Southwest Asian domesticates such as Triticum aestivum (bread wheat), and wild taxa 
that are native to both China and Southwest Asia, such as Aegilops tauschii (Tauschs 
goatgrass). A list of publications detailing starch grains from Poaceae taxa that grow in 
Southwest Asia can be found in Table 2.1. Messner (2011) analyzes starch grains in seeds 
and underground storae organs (USOs) produced by taxa that grow in the Delaware River 
valley, USA, two of which, Typha latifolia (cattail) and Cyperus esculentus (yellow 
nutsedge), are also found in Southwest Asia. Finally, a few Southwest Asian taxa are 
discussed in experimental archaeological publications where researchers examine how 
food processing activities affect the starch grain structure and optical properties (Ge et 
al., 2010; Henry et al., 2009).  
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Food and plant science research into Southwest Asian taxa is quite extensive and 
has focused primarily on understanding the chemical, physical, and optical attributes of 
the main Southwest Asian domesticates: Triticum spp (wheat)., Hordeum spp. (barley), 
Secale spp. (rye), Vicia faba (faba bean), Lens culinaris (lentil), Pisum sativum (pea), and 
Cicer arietinum (chickpea). A much smaller body of work has been conducted on the 
lesser known Vicia sativa (common vetch) and Vicia ervilia (bitter vetch) taxa despite 
their economic importance archaeologically.  
The best source of starch grain information in the plant and food science literature 
is provided in the seminal two volume set produced by Reichert (1913) where he reviews 
the state of starch grain research around the world, discusses the chemical, physical, and 
optical properties of specific taxa and provides an assessment on the diagnostic status of 
these taxa. While he does not exclusively focus on Southwest Asian taxa, many of the 
taxa that he describes are found in Southwest Asia and can be referenced by comparing 
the list of species he covers with the species listed in one of the regional floras such as the 
Flora of Turkey and East Aegean Islands (Davis, 1965) (Table 2.3). While Reichert’s 
volume (1913) may be close to 100 years old, the information it contains is still very 
useful. 
2.2.2 Taxa that produce starch grains in Southwest Asia 
 
  The majority of archaeological starch grain research involving Southwest Asia 
has focused on reporting the production and diagnostic capabilities of starches found in 
the seeds of Poaceae (Gramineae) taxa. Very little information has been published 
regarding non-productive taxa. A review of the Poaceae taxa presented in the three main 
starch grain archaeological publications from Southwest Asia (Henry et al., 2011; 2009; 
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Piperno et al., 2004) and comparative starch grain research from the Delaware River 
Valley, USA (Messner, 2011), alongside a comparison of taxa in Reichert (1913) with the 
Flora of Turkey and East Aegean Islands (Davis, 1965) has revealed that 55 wild and 
domesticated grass species produce starch grains in their seeds (Table 2.1). These taxa 
include all the major domesticates, except for Triticum durum, Triticum compactum, and 
Hordeum distichon, which have not been studied, and many of the wild grasses that 
frequently occur on archaeological sites such as Aegilops sp. and Bromus sp. 
 The seeds of the domesticated legumes including Cicer arietinum, Lens culinaris 
(Lens esculentus), Lathyrus sativus, Pisum sativum, Vicia faba, and Vicia sativa all 
produce starch grains in their seeds (Table 2.2). Finally, 14 wild taxa from the 
Cyperaceae family have been published and are known to produce starch grains in their 
seeds (Table 2.3). These Cyperaceae taxa are all wild species and are important to 
archaeological research because they may have been used as raw materials for baskets, 
mats, and roofing and may have served as an additional source of food due to their starch 
rich seeds and underground storage organs (Torrence and Barton, 2006). Once they can 
be identified, they will allow archaeologists to explore a range of questions related to 
weeds in crops, non-subsistence based plant use, and consumption of wild resources.  
 Overall starch grain production patterns mentioned in food and plant science 
literature and in archaeological publications suggests that starches are widely produced in 
the domesticated and wild seeds of Poaceae, Fabaceae, and Cyperaceae taxa of Southwest 
Asia.  Examination of previously unstudied but related taxa should shed light on whether 
this pattern holds true for all taxa within these families and whether or not these starches 
are diagnostic to different taxonomic levels. 
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2.3 Methods 
2.3.1 Selecting species for analysis 
 
Sixty-four species representing 22 families from Syria were collected from 
Professor Joy McCorriston’s extensive Southwest Asian herbarium collection at Ohio 
State University. Species were chosen for sampling by comparing the macrobotanical 
species recovered from Troy in Turkey (Riehl, 1999) with the collection of modern 
materials from Syria housed in the McCorriston collection.  Troy was chosen because of 
the diversity of Southwest Asian taxa preserved. Comparative samples from Syria were 
chosen because Syria contains most of the phytogeographic environments that are found 
throughout Southwest Asia (Zohary et al., 2012) and because of the abundance of 
available taxa at Ohio State University. The 64 species were subdivided into their 
constituent parts resulting in eighty-two samples (Tables 2.4 and 2.5). These samples 
included seeds, pericarps, synconia, legumes, and legume capsules. In this study, the 
generic term “seed” is used for simplicity. No leaves, stems, or small roots collected were 
analyzed because they rarely produce large storage starch grains (Haslam, 2004). 
Underground storage organs of important wetland taxa from the Cyperaceae family 
(Ryan, 2011) were not available for analysis because they are difficult to store and are 
rarely found in herbarium collections. 
2.3.2 Processing the samples  
 
Samples were sterilized according to the protocol outlined by Pearsall (2000: 
436–437), cut into small pieces using a sterile scalpel, or gently crushed using a sterile 
mortar and pestle. Very little pressure was applied when using the mortar and pestle to 
minimize potential damage to the starch grains. Two drops of a 1:1 glycerol/distilled 
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water mix were placed on a 25 × 75 × 1mm microscope slide for each comparative 
sample and the crushed or cut sample was placed within the liquid. The sample was 
gently covered with a microscope cover slip and the edges were sealed using finger nail 
polish and allowed to dry before being examined.  
2.3.3 Recording methods 
 
 Samples were examined at 500× magnification using a Zeiss AxioStar Plus 
microscope. Each starch grain was given an identification number, described according to 
terms defined in the International Code for Starch Grain Nomenclature (ICSN, 2014) and 
measured using NIS Elements software. In order to minimize researcher bias, starch 
grains were chosen for description by using the random number generator function within 
Excel to provide x and y coordinates on the microscope stage. For each sample, 50 simple 
or half compound starch grains were described and photographed where present. 
Compound and aggregate starch grains were noted although excluded from the total 
count. These starch grains were excluded because clustering would often obscure their 
optical attributes making individual starch grains difficult to describe and quantify.  
Starches smaller than 5m were typically omitted because optical attributes are often 
hard to distinguish as well. In instances where the number of starches greater than 5m in 
length was less than 50, small starch grains were counted.  
2.4 Results 
 
Ten of the 82 samples that were examined produced starch grains that could be 
described and counted. All of the starches were produced in the seeds, with the exception 
of Moringa peregrina (Yusor tree), where starch was concentrated in the pericarp (Table 
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2.4). A full list of species and plant parts that did not produce starches is provided in 
Table 2.5. See Table 2.6 for specific details of the optical attributes of these ten taxa. 
General characteristics of each taxa are described below.  
2.4.1 Cyperus esculentus 
 
The starches formed within Cyperus esculentus (yellow nutsedge) seeds have a 
mean length of 4m, range in size from 1 to 8m and are mostly ovoid in shape (Table 
2.6) (Figure 2.1). They differ markedly in size and shape from the starches produced in 
the tuber or root-stock, which have an average length of 12 to 14m and are conical to 
oval in shape (Reichert, 1913). The seed starches are diagnostic to Cyperaceae because of 
their size and rounded, oval, compressed lenticular, angular, or polyhedral shapes that are 
commonly associated with other Cypereraceae seeds discussed in Reichert (1913) (Table 
2.3). 
2.4.2 Vicia ervilia 
 
Vicia ervilia (bitter vetch) starches have an average length of 16m and range in 
size from 5 to 27m (Table 2.6) (Reichert, 1913). Vicia ervilia starches from seeds can 
be identified to the species level because they exhibit what Reichert (1913) refers to as 
“bean type” features  (spherical to ovoid in shape, half to as broad as long, slightly 
compressed with a distinct longitudinal cleft) that are characteristic of the Fabaceae 
(Leguminosae) family and because they are the smallest of the domesticated legumes in 
their range and average length (Table 2.7). These starch are mostly ovoid to elliptical and 
reniform shape and have deep longitudinal clefts that are characteristic of legumes 
(Figure 2.1)  
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2.4.3 Moringa peregrina  
 
Moringa peregrina starches are mostly angular rounded, range in size from 4 to 
27m, and have an average length of 10m (Table 2.6) (Figure 2.1). It is hard to 
determine if these starches are diagnostic because there are no close relatives discussed in 
Reichert (1913) or any of the other publications mentioned in this study. More studies 
should be coducted on Moringa and closley related taxa to determine the diagnostic status 
of these starches. It is important to note that starch grains were extracted from the 
pericarp of the M. peregrina sample, and not the seed. This species suggests that tissues 
surrounding the seed, and not just the seed itself, need to be studied when conducting 
comparative starch grains research. 
2.4.4 Aegilops crassa, A. triaristata, Hordeum distichon, Triticum durum, and T. 
compactum. 
The seeds from the species Aegilops crassa (Persian goatgrass), A. triaristata, 
Hordeum distichon (two-rowed barley), Triticum durum (durum wheat), and T. 
compactum (club-wheat) in this study all exhibit features that are diagnostic of the tribe 
Triticeae within the Poaceae (Gramineae) family. In general, starch grains from this tribe 
have simple, lenticular, oval, kidney (reniform) or dicoid in shapes with small reticulate 
surface depressions (Table 2.5) (Piperno et al., 2004; Yang and Perry, 2013). The five 
Triticeae taxa that yielded abundant starch grains within this study exhibited all of these 
features (Figure 2.2).  
Seed starch grains from Aegilops, Hordeum, and Triticum taxa (AHT) and the 
Triticeae tribe are also much larger in general than the seed starch grains from non-
Triticeae taxa and when shape and size attributes are combined, they can be used to 
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identify individual starches at least to the tribe level. The mean length for the Poaceae 
starch grains observed in this study follow the pattern observed by Piperno et al. (2004) 
where AHT taxa can be distinguished from other grass taxa, such as the Pennisetum 
americanum, based on their overall large size (Table 2.8). The average length of the 18 
AHT seed starch grain taxa in Table 2.8 with a sample size of 50 is 17.7m with a 
standard deviation of 5.7m. This length is well above the average length of the 15 non-
Triticeae with an average of 5.1m and a standard deviation 2.6m. Recent work by 
Yang and Perry (2013) on 38 grass species from China supports this hypothesis and goes 
one step further, suggesting that all members of the tribe Triticeae produce larger starches 
relative to other Poaceae. 
The one non-Triticeae grass in this study that yielded abundant seed starch, 
Pennesitum americanum yielded semi-compound to compound, flat, angular, or irregular 
shaped starch grains. This compares well with other studies of non-Triticeae grasses such 
as Bromus sp. and Pipatherum sp. where similar features were observed (Piperno et al., 
2004).  
 2.5 Discussion and Conclusions 
 
Chemical, physical, and optical properties of starch grains from over 100 species 
from Southwest Asia have been published in archaeological reports and food and plant 
science literature. An additional 64 species were examined here, 10 of which produced 
abundant starch grains in their seeds and pericarps that are diagnostic at the tribe, family, 
and potentially genus and species level. This project adds to the growing body of 
knowledge regarding archaeological starch grain analysis in Southwest Asia by 
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centralizing the published comparative literature for this region and describing the 
starches produced in domesticated and wild taxa. 
The starches from Cyperus esculentus seeds are distinct from the starches 
produced in its tubers but are similar to the seeds of other related taxa within the 
Cyperaceae family making them diagnostic to this family. Vicia ervilia starches exhibit 
“bean type” features and can be identified to the genus and species level due to their 
small size and Fabaceae (Leguminosae) properties. Although the diagnostic ability of 
Moringa peregrina starches remains unclear, their production in the pericarp, and not the 
seed challenges assumptions made in this paper about perceived starch production in 
particular plant parts and illustrates the importance of testing every part of a plant when 
possible. Finally, the Poaceae taxa in this study can be distinguished from each other at 
the tribe level by size and overall shape.  
Centralization of information about taxa that produce starch grains will help 
specialists narrow down identification of unknown starch grains encountered in the 
archaeological record. The discovery of starch grains within important domesticated taxa 
such as Hordeum distichon, Triticum durum, and wild taxa such as Cyperus esculentus 
provides a clearer understanding of what can be identified within Southwest Asia and 
within these families and genera. 
There are many avenues of comparative starch grain research that can be pursued 
to better aid archaeologists in their reconstruction of plant use in Southwest Asia. With a 
few exceptions, very little research has been conducted on starch grains produced by 
underground storage organs such as bulbs, corms, rhizomes, and tubers (Henry et al., 
2011; 2009; Messner, 2011; Piperno et al., 2004; Reichert, 1913; Yang and Perry, 2013). 
  23 
Macrobotanical and phytolith evidence suggests that wetland taxa played an important 
role as a source of food in Southwest Asia during the Epipaleolithic (Wollstonecroft et 
al., 2008), Pre-Pottery Neolithic (Balbo et al., 2012), Pottery Neolithic (Rosen, 2005), 
and Ubaid (D. Kennett and J. Kennett, 2006) periods. Aside from the work by Hather 
(1993; 1991), very little work has been conducted to identify underground storage organs 
at archaeological sites. Recovering and identifying starch grains associated with 
underground storage organs would open a whole new avenue of research into wild 
resource exploitation, complement existing datasets, and allow for archaeologists to 
explore new topics through the analysis of starches contained in artifact residues and 
dental calculus. 
The research on Triticeae taxa from China (Yang and Perry, 2013) and taxa from 
the Delaware River Valley, USA (Messner, 2011; 2008) are excellent examples of how a 
regional synthesis can lead to the construction of standardized dichotomous keys for a 
region. In both of these papers, the researchers develop an easy to use dichotomous key 
that allows for quick identification of archaeological starch grains. Continued research 
into starch grain production patterns in Southwest Asia, alongside the identification of 
Southwest Asian taxa published in Reichert (1913), and the eventual development of a 
dichotomous key for the region once all of the major taxa have been studied would go a 
long way in establishing regional diagnostic starch grain types that archaeologists could 
use in this important area of the world.  
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Table 2.1: Poaceae taxa that produce starch grains and have been studied and published. 
Note, not all of these publications include descriptions of optical properties. 
 
Genus and species Source 
Aegilops bicomis Henry et al., 2011 
Aegilops caudate Reichert, 1913 
Aegilops geniculata Piperno et al., 2004 
Aegilops peregrine Piperno et al., 2004 
Aegilops speltoides Henry et al., 2011 
Aegilops truincialis Reichert, 1913 
Agropyron cristatum Reichert, 1913 
Agropyron rigidum Reichert, 1913 
Agrostis spica-venti Reichert, 1913 
Aira caespitosa Reichert, 1913 
Alopecurus arundinaceus Piperno et al., 2004 
Alopecurus geniculatus Reichert, 1913 
Alopecurus utriculatus Piperno et al., 2004; Reichert, 1913 
Alopecurus pratensis  Reichert, 1913 
Avena barbata  Piperno et al., 2004 
Avena sterilis Henry et al., 2011 
Brachypodium distachyon Piperno et al., 2004 
Bromus brachystachys Reichert, 1913 
Bromus pseudobrachystachys Piperno et al., 2004 
Bromus squarrosus Reichert, 1913 
Gastridium ventricosum (G. australe) Piperno et al., 2004; Reichert, 1913 
Hordeum bulbosum Piperno et al., 2004 
Hordeum glaucum Henry et al., 2011; Piperno et al., 2004 
Hordeum hexastichon Henry et al., 2011 
Hordeum marinum Piperno et al., 2004 
Hordeum sativum var. (Champion)  Reichert, 1913 
Hordeum spontaneum Henry et al., 2011; Piperno et al., 2004 
Hordeum vulgare Henry et al., 2011; Reichert, 1913 
Koeleria macrantha  Messner, 2011 
Lolium multiflorum Piperno et al., 2004 
Lolium rigidum Piperno et al., 2004 
Lolium temulentum var. speciosum Reichert, 1913 
Phalaris minor Piperno et al., 2004 
Phalaris paradoxa Piperno et al., 2004 
Piptatherum holciforme  Piperno et al., 2004 
Poa pratensis Messner, 2011 
Poa nemoralis Messner, 2011 
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Table 2.1: Cont. 
Genus and species Source 
Puccinellia distans Piperno et al., 2004 
Puccinellia gigantea Piperno et al., 2004 
Secale cereale Reichert, 1913 
Secale cereale var. MammothWinter  Reichert, 1913 
Secale cereale var. Spring Reichert, 1913 
Secale cereale ssp. ancestrale Henry et al., 2011 
Secale vavilovii Henry et al., 2011 
Triticum aegilopoides (T. monococcum subsp 
aegilopoides) 
Henry et al., 2011 
Triticum aestivum (T. aestivum ssp aestivum) Henry et al., 2011; 2009 
Triticum dicoccum (T. turgidum ssp. dicoccum) Reichert, 1913 
Triticum dicoccoides  Piperno et al., 2004 
Triticum monococcum Reichert, 1913 
Triticum monococcum subsp. aegilopoides Henry et al., 2011 
Triticum sativum var.dicoccum  Reichert, 1913 
Triticum sativum var.vulgare Reichert, 1913 
Triticum turgidum Henry et al., 2011; Reichert, 1913 
Triticum urartu Henry et al., 2011 
Vulpia persica Piperno et al., 2004 
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Table 2.2: Published reports of domesticated Fabaceae (Leguminosae) taxa that produce 
starch grains. Names in parantheses represent older terminology used by Reichert (1913). 
 
Genus and species Source and page number 
Cicer arietinum Henry et al., 2009; Reichert, 1913 
Lathyrus sativus Reichert, 1913 
Lens culinaris (Lens esculentus) Henry et al., 2009; Reichert, 1913 
Pisum sativum Henry et al., 2009; Piperno et al., 2004 
Pisum sativum var. Eugenie Reichert, 1913 
Pisum sativum var. Electric Extra Early Reichert, 1913 
Pisum sativum var. Large White Marrowfat Reichert, 1913 
Pisum sativum var. Mammoth Grey Reichert, 1913 
Pisum sativum var. Thomas Laxton Reichert, 1913 
Vicia faba Reichert, 1913 
Vicia sativa Reichert, 1913 
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Table 2.3: Cyperaceae taxa listed in Reichert (1913) with their synonym listed in the  
their Flora of Turkey (Davis, 1965) from Southwest Asia that produce starches in their 
seeds.  
 
Reichert name Flora of Turkey synonym 
Cyperus flavescens - 
Heleocharis ovata Eleocharis palustris  
Scirpus maritimus Bolboschoenus maritimus 
Scirpus mucronatus Schoenoplectiella mucronatus 
Isolepis setacea - 
Isolepis supina Schoenoplectus supina 
Isolepis holoschaenus Scirpoides holoschoenus 
Fimbristylis annua  - 
Eriophorum vaginatum - 
Cladium mariscus - 
Chaetospora nigricans Schoenus nigricans  
Blysmus compressus  - 
Carex maxima Carex pendula 
Kobresia caricina Kobresia simpliciuscula 
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Table 2.4: Taxa that produced starch grains in abundance in this study. 
 
Family Genus/species Plant part 
Cyperaceae Cyperus esculentus Seed 
Fabaceae (Leguminosae) Vicia ervilia Legume 
Moringaceae Moringa peregrina  Pericarp 
Poaceae (Gramineae) Aegilops crassa  Seed 
 Aegilops triaristata Seed 
 Aegilops vavilovii  Seed 
 Hordeum distichon  Seed 
 Pennisetum americanum   Seed 
 Triticum compactum  Seed 
 Triticum durum  Seed 
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Table 2.5: Taxa that did not produce starch grains in abundance in this study. 
 
Family Genus/species Plant Part 
Anacardiaceae Pistacia atlantica  Seed 
  Pistacia khinjuk  Seed 
  Pistacia palaestina  Seed 
  Pistacia terebinthus  Seed 
  Rhus coriaria  Seed 
Arecaceae (Palmae) Phoenix dactylifera  Seed 
Asteraceae (Compositae) Carthamus tinctorius  Seed 
  Guizotia abyssinica   Seed 
  Helianthus annus  Seed 
  Notobasis syriaca   Seed 
  Onopordum illyricum  Seed 
  Onopordum palaestinum  Seed 
  Silybum marianum   Seed 
Euphorbiaceae Chorozophora tinctoria   Seed 
Fabaceae (Leguminosae) Acacia farnesiana  legume 
  Acacia nilotica  Seed 
  Hymenocarpos circinnatus   Legume 
  Prosopis farcta Legume capsule 
  Trigonella foenum-graecum  Legume 
  Trigonella monantha  Legume 
  Trigonella stellata  Legume 
Geraniaceae Erodium ciconium   Seed 
  Erodium gruinum  Seed 
Malvaceae Malva parviflora  Seed 
Moraceae Ficus carica  Synconium, seed 
Moringaceae Moringa peregrina  Seed 
Oleaceae Olea europaea  Pericarp, seed 
Pedaliaceae Sesamum indicum  Seed 
  Bromus scoparius  Seed 
Polygonaceae Polygonum patulum  Seed 
  Polygonum venantianum  Seed 
Ranunculaceae Adonis dentata  Seed 
Rhamnaceae Rhamnus palaestinus  Pericarp, seed 
  Zizyphus spina-christi   Exocarp, pericarp, seed 
Rosaceae Amygdalus arabica   Pericarp, seed 
  Amygdalus communis  Pericarp, seed 
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Table 2.5 Cont. 
 
Family Genus/species Plant Part 
  Amygdalus orientalis  Exocarp, pericarp, seed 
  Crataegus aronia   Pericarp, seeds 
  Prunus domestica  Seeds 
  Prunus mahaleb  Seeds 
  Prunus persica  Pericarp, seed 
  Rosa canina  Pericarp/seed, seeds 
  Rosa phoenicea   Pericarp, seeds 
  Sarcopterium sinposum  Seeds 
Rubiaceae Asperula arvensis  Seeds 
  Coffea arabica  Beans 
  Galium tricornutum Seeds 
Solanaceae Hyscamus muticus  Seed 
  Physalis alkekengi Seed 
  Physalis angulata Pericarp 
  Solanum sepicula Seed, fruit 
Umbelliferae (Apiaceae) Bupleurum lancifolium Seeds 
  Cuminum cyminum  Seeds 
Urticaceae Urtica pilulifera  Seed 
Zygophllaceae Balanites aegyptiaca  Exocarp, pericarp, seed 
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Table 2.6: Descriptions and measurements of starch producing taxa examined in this 
study. 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Cyperaceae  Cyperus 
esculentus  
4 4 1.3 1–8 2.1 
a&b 
Description Abundant, simple. Two-dimensional shape: Oval to circular, 
occasionally polygon or elongated with one end attenuated. Three-
dimensional shape: Ovoid-rounded off and occasionally compressed, 
lenticular- curved or rounded off. Hilum: Solid or indistinct centric, 
occasionally refractive and eccentric. Extinction cross: Centric, 
mostly distinct, clean cut, symmetrical with thin, straight lines. Arms 
tend to be short with a low to fair degree of polarization. 
Cracks/fissures: Mostly unfissured. Occasional radial or longitudinal 
delicate fissures. Lamellae: Lamellated, eccentric, incomplete, 
distinct, fine. Surface: Smooth surface with some pressure facets.  
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Fabaceae 
(Leguminosae) 
Vicia ervilia 16  17 6.4 5–27 2.1 
c&d 
Description Abundant, simple. Two-dimensional shape: Mostly oval to circular, 
some triangular, rectangular, polygon (pentagons), elongated with 
one end attenuated, irregular, and elongated with both ends equal. 
Three-dimensional shape: Mostly ovoid, other shapes in smaller 
amounts include lenticular, plano-convex, reniform, and wedge-
shaped/compressed. Hilum: About 1/5th centric and eccentric with 
indistinct, refractive hila. Some distinct centric hila with refractive 
hila. The remaining samples were either solid, invisible, or obscured 
hila. Extinction cross: Mostly centric, distinct, symmetric, thin, 
straight, and clean cut extinction crosses. Some eccentric crosses 
were present. The majority of crosses had short arms and fair to low 
and very low polarization. Cracks/fissures: About half of the samples 
were unfissured. A quarter of the samples had radial fissures while 
irregular delicate longitudinal fissures were present on some starches. 
Mesial longitudinal clefts were found on eight starches. Lamellae:  
Three quarters of the starches had some form of lamellae visible. 
Usually complete, distinct, and coarse. Surface: Almost all of the 
starches had smooth surfaces. About a third of them were smooth 
with depression facets. Several had general surface depressions or 
bulges.  
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Table 2.6: Cont. 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Moringaceae Moringa 
peregrina 
10 8 5 4–27 2.1 e&f 
Description Sparse, simple. Two-dimensional shape: Mostly oval. Other shapes 
include circular, polygon, triangular, rectangular, trapezoidal, elongated 
one end attenuated, other. Three-dimensional shape: angular rounded 
and recurved, ellipsoid, plano-convex both planed and angular, and 
spherical shapes were most common. Other shapes encountered include 
hemispherical, ovoid, concave-convex, prismatic, polyhedral, and 
conoid. Hilum: Mostly centric, distinctive, and refractive. Occasionally 
eccentric or obscured. Extinction cross: Primarily centric, distinct, 
symmetric, thin, straight, and clean cut with short arms and a fair 
degree of polarization. Cracks/fissures: Over half were unfissured. The 
remainders were mostly radial with stellate delicate cracks. Others 
include longitudinal, oblique, transverse, and irregular. Lamellae: 
Roughly divided between lamellated and nonlamellated. Lamellated 
ones were mostly eccentric, incomplete, distinct or indistinct, and 
coarse. Surface: Mostly smooth with some pressure facets and/or 
scalloping.  
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Aegilops crassa  16 16 7.6 5–31 2.2 
a&b 
Description Abundant, simple. Two-dimensional shape: Oval and circular shapes 
dominated the assemblage. Other shapes in lesser quantities included 
triangular, square, rectangular, trapezoidal, polygon, “other”, and 
elongated with one end attenuated. Three-dimensional shape: 
Lenticular, ellipsoid, ovoid, and spherical dominated the assemblage. 
Other shapes include hemispherical, plano-convex, concave-convex, 
prismatic, and polyhedral. Hilum: Half of the starch grains were solid. 
The hila that were visible were mostly centric and distinct but often 
times were obscured with a central cavity. Extinction cross:  Most of 
the extinction crosses were centric, distinct, symmetric, with thin, 
straight arms that were clean cut. These arms were often short with a 
fair to low and very low degree of polarization. Cracks/fissures: Almost 
half of the starch grains were unfissured. The remaining had an 
equatorial groove. Lamellae: Almost all of the starch grains were 
lamellated with eccentric, incomplete, yet distinct, and coarse lamellae. 
A few of them did have concentric lamellae throughout. Surface:  All 
of the starch grains had a smooth surface. A few of these starches also 
included pressure facets, some of which also included larger surface 
depressions. 
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Table 2.6: Cont. 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Aegilops 
triaristata 
10 9 3.4 5–21 2.2 
c&d 
Description Simple, sparse. Two-dimensional shape: Oval and circular shapes 
dominate the assemblage. Other shapes include triangular, 
rectangular, polygon, heart shaped, elongated with one end 
attenuated. Three-dimensional shapes:  Difficult to determine because 
the starch grains would not roll under the microscope slide. Types 
recovered were mostly lenticular, but included spherical, 
hemispherical, ellipsoid, conical, polyhedral, and wedge-shaped. 
Hilum:  Hilum features were roughly divided into thirds; centric, 
indistinct, refractive hila; invisible hila, and solid hila. Extinction 
cross: The majority of extinction crosses were centric, distinct, 
symmetric, with thin, straight, clean-cut lines. The arms were mostly 
short and ranged from low to high in degree of polarization. 
Cracks/fissures: Almost three quarters of the starch grains were 
unfissured. Those that were fissured mostly had equatorial grooves. 
Other fissures included longitudinal and perpendicular delicate 
fissures. The absence of fissures in this sample, and others, may be 
attributed to the fact that many of the starch grains could not be 
rolled. This was a persistent problem. Lamellae: About half of the 
starch grains were non-lamellated while the other half had eccentric, 
incomplete, indistinct, coarse lamellae. Surface: Almost all of the 
starch grains had a smooth surface. About half of these included 
pressure facets, a few of which either included depressions, 
indentations, or projections. 
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Table 2.6: Cont. 
 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Aegilops 
vavilovii 
13 12 6.2 5–35 2.2 e&f 
Description Abundant, simple. Two-dimensional shape: Oval and circular shapes 
dominate the assemblage. Other shapes include triangular, polygon, 
reniform, elongated with one end attenuated. Three-dimensional 
shape: About one quarter of the starch grains had a lenticular shape. 
Other shapes encountered included ellipsoid, ovoid, spherical, and 
concave convex. Hilum:  One third of the starch grains had centric, 
indistinct or distinct, refractive hila. The remainders were obscured, 
invisible, or solid. Extinction cross: These were by and large almost 
all centric, distinct, symmetric, with mostly thin or thick straight lines 
that were clean cut. Long and short arms were present and ranged 
between low and high degrees of polarization. Cracks/fissures:  A 
little less than half of the starch grains were unfissured. The majority 
of starch grains that did have fissures featured an equatorial groove. 
Other fissures included radial, parallel, stellate, and longitudinal 
features. Lamellae: Most of the starch grains had eccentric, 
incomplete, distinct, coarse, lamellae Surface:  Almost all of the 
starch grains have a smooth surface. About one quarter have a smooth 
surface and pressure facets. A few other starches had a smooth 
surface and depressions or a bulge. 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Hordeum 
distichon 
11 10 2.7 5–18 2.2 
g&h 
 Abundant, simple. Two-dimensional shape: Oval and circular shapes 
dominate the assemblage. Other shapes include triangular, square, 
and elongated with one end attenuated. Three-dimensional shapes: 
Difficult to determine because many would not roll under the 
microscope slide. Those that could roll were mostly ellipsoid. Other 
shapes included ovoid, lenticular, and discoidal. Hilum: The majority 
of the starch grains exhibited a solid hilum. A few were invisible or 
obscured. The eight starch grains that did have a visible hilum are all 
centric, indistinct, and refractive. Extinction cross: All of the 
extinction crosses are centric. Almost all of them are distinct, 
symmetric, with thin, straight lines that were either confused or clean 
cut. The arms are short and fair to low in polarization. When they 
were rotated on their side, the polarization of the arms became high. 
Cracks/fissures: Most of the starches are unfissured while some had 
an equatorial groove. Longitudinal, radial, and stellate forms were 
also present. Lamellae: Almost all of the starch grains exhibit 
eccentric, incomplete lamellae with distinct or indistinct coarse 
features. Surface: Almost all of the starch grains have a smooth 
surface. Some also had pressure facets and depressions. 
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Table 2.6: Cont. 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Pennisetum 
americanum  
6 5 1.4 3–10 2.2 i&j 
 Sparse, simple to compound. Two-dimensional shape: Polygon and 
circular shapes make up slightly more than 50% of the shapes 
encountered. Ovals are also found in abundance. Triangular, 
rectangular, trapezoidal, other, and elongated with one end attenuated 
were found in smaller amounts. Three-dimensional shape: Starches in 
this sample fall roughly into two categories, polyhedral like 
(polyhedral, quadrangular, and prismatic) and rounded (spherical, 
ovoid, ellipsoid). Polyhedral, angular starch grains comprised a third 
of the assemblage encountered. Other shapes encountered include 
spherical, ovoid, ellipsoid, quadrangular, and prismatic. Hilum: A 
little over half of the starch grains are centric, distinct or indistinct, 
refractive hila. The remainders of the starches have invisible, 
obscured, or solid hila. Extinction cross: Most of the starch grains 
have centric, distinct, symmetric crosses with thin, straight, clean cut 
lines. These lines tended to be short with a very low to fair degree of 
polarization. Cracks/fissures: Most of the starches are unfissured. The 
remaining starches are radial starches with delicate features, 
longitudinal, or oblique. Lamellae: The majority of the starch grains 
have eccentric, incomplete, distinct, and coarse lamellae. The 
remainders do not exhibit lamellae. Surface:  The majority of the 
starch grains exhibited a smooth surface with pressure facets. Some 
of these pressure faceted starches also exhibited depressions or a 
bulge. A few grains had rough or knobby surfaces.  
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Table 2.6: Cont. 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Triticum durum  11 11 4 5–23 2.2 k&l 
Description Abundant, simple. Two-dimensional shape: The majority of the 
shapes are oval. Other shapes included circular, semi-circular, 
triangular, polygon, bean-shaped, and elongated with both ends being 
equal. Three-dimensional shapes: The majority of the starch grains 
would not roll. Those that did roll were ellipsoid, lenticular, and 
polyhedral. Hilum:  The hilum was indistinct and refractive in these 
starches. Over half of the starches had a solid, invisible, or obscured 
hilum.  The remainder of the starches either had a centric hilum or, 
more rarely, an eccentric hilum. Extinction cross: Almost all of the 
starches had a centric extinction cross that was symmetric with thin, 
straight, clear-cut arms. These arms were short with a low to fair 
degree of polarization. Cracks/fissures:  Almost all of the starch 
grains were unfissured. The few that had fissures were radial, stellate, 
longitudinal, and equatorial groove features. The lack of some 
features, such as prominent equatorial groove fissures, may be due to 
the fact that most of the starches did not roll under the microscope 
slide cover so they could not be viewed in full three dimensions. 
Lamellae: Half of the starch grains exhibited eccentric, incomplete, 
distinct or indistinct, coarse lamellae while the other half did not 
exhibit lamellae at all. Surface: Almost all of the starches had a 
smooth surface. Half of those starches also exhibited pressure facets 
while a few starches exhibited depressions and projections.  
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Table 2.6: Cont. 
 
Family Genus/species Mean 
length
(μm) 
Median 
length 
(μm) 
Standard 
deviation 
Range 
(μm) 
Figure 
Poaceae 
(Gramineae) 
Triticum 
compactum  
12 12 4.9 5–22 2.2 
m&n 
Description Abundant, simple. Two-dimensional shape: The majority of the 
shapes were oval. Other shapes included circular, triangular, square, 
polygon, clam shaped. Three-dimensional shape: The majority of the 
starch grains would not roll. Those that did roll had an ellipsoid, 
discoidal, and prismatic shape. Hilum: Over half of the starch grains 
exhibited a solid hilum. The remainders had centric, distinct or 
indistinct, and refractive features. Extinction cross: All but two of the 
starches had centric extinction crosses. These centric crosses were 
mostly distinct and symmetric with thin, straight clean cut lines. They 
had a range of long and short arms that varied from high to low 
degrees of polarization. Cracks/fissures:  Almost all of the starch 
grains were unfissured. This may be due to the fact that the starches 
did not roll over and they were being viewed on their ventral or 
dorsal sides. The starches that did have fissures included radial, 
longitudinal, and equatorial groove features. Lamellae: Almost all of 
the starches were non-lamellated. Interestingly, some of the starches 
that did not exhibit lamellae in transmitted light had lamellae in 
polarized light. The starches that had lamellae had eccentric, 
incomplete, distinct or indistinct, and coarse features. Surface:  All 
but two of the starch grains had a smooth surface. Some of these 
smooth starch grains also had pressure facets. A few smooth starch 
grains also exhibited depressions and/or projections.  
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Table 2.7: Mean length of domesticated Fabaceae (Leguminosae) taxa from Southwest 
Asia.  Caution should be exercised because the number of starch grains measured or 
Reichert (1913) was not published. 
 
 Taxon Mean (m) Range (m) Source 
Cicer arietinum 30 - Reichert, 1913 
Lathyrus sativus 56 - Reichert, 1913 
Lens culinaris 24 4–38  Reichert, 1913 
Pisum sativum 28 10–44 Reichert, 1913 
Pisum sativum 31 - Piperno et al., 2004 
Vicia ervilia 16 5–27 to 5 This study 
Vicia faba 29 4–42  Reichert, 1913 
Vicia sativa 26 6–42 Reichert, 1913 
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Table 2.8 Mean (±s.d.) length and range for Poaceae starch grains divided by subfamily and tribe. 
Subfamily  Tribe Genus/species Mean  
m 
Range 
m 
n Source 
Panicodae Paniceae Pennisetum americanum 5.7 (1.4) 3–10 50 This study 
Pooideae Aveneae Alopecurus arundinaceus 4 (0.9)  2–8  50 Piperno et al. 2004 
  Alopecurus utriculatus 5 (1.5)  2–8  50 Piperno et al 2004 
  Avena barbata 12 (2.9)  6–18  50 Piperno et al. 2004 
  Gastridium ventricosum 4 (1.0)  2–6  50 Piperno et al. 2004 
  Phalaris minor <2.0  - 50 Piperno et al. 2004 
  Phalaris paradoxa  <4.0  - 50 Piperno et al. 2004 
 Brachypodieae Brachypodium distachyon 9 (2.2) 4–16  50 Piperno et al. 2004 
 Bromeae Bromus pseudobrachystachys  5 (1.4) 4–8  50 Piperno et al. 2004 
 Poeae Lolium multiflorum  <6.0  - 50 Piperno et al. 2004 
  Lolium rigidum <6.0  - 50 Piperno et al. 2004 
  Puccinellia distans <4.0  - 50 Piperno et al. 2004 
  Puccinellia gigantea <4.0  - 50 Piperno et al. 2004 
  Vulpia persica <2.0  - 50 Piperno et al. 2004 
 Stipeae Piptatherum holciforme  3 (1.0)  2–4  50 Piperno et al. 2004 
 Triticeae Aegilops crassa  16 (7.6) 5–31 50 This study 
  Aegilops geniculata 21 (6.4 ) 10–36  50 Piperno et al. 2004 
  Aegilops peregrina  25 (8.0) 12–52  50 Piperno et al. 2004 
  Aegilops speltoides  22 (4.5) 10–32 50 Henry et al. 2011 
  Aegilops triaristata  10 (3.4) 5–20 50 This study 
  Aegilops vavilovii 13 (6.2) 5–35 50 This study 
  Hordeum bulbosum 17 (3.7) 10–24  50 Piperno et al. 2004 
  Hordeum bulbosum (with lamellae only) 21 (1.6) 18–24  50 Piperno et al. 2004 
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Table 2.8 Cont. 
 
Subfamily  Tribe Genus/species Mean 
m  
Range 
m  
n Source 
  Hordeum distichon 11 (2.7) 5–18 50 This study 
  Hordeum glaucum 18 (3.5) 10–30 39 Henry et al. 2011 
  Hordeum glaucum 18 (3.9) 8–24  50 Piperno et al. 2004 
  Hordeum glaucum (with lamellae only) 22 (1.4) 18–26  50 Piperno et al. 2004 
Pooideae Triticeae Hordeum hexastichon 20 (3.5) 10–30 52 Henry et al. 2011 
  Hordeum marinum  10 (1.8) 6–14  50 Piperno et al. 2004 
  Hordeum spontaneum  18 (3.8) 12–30 27 Henry et al. 2011 
  Hordeum spontaneum 20 (4.7) 10–26  50 Piperno et al. 2004 
  Hordeum spontaneum (with lamellae only) 28 (2.9)  18–26  50 Piperno et al. 2004 
  Secale vavilovii 25 (4.2) 15–36 50 Henry et al. 2011 
  Triticum aestivum 24 (4.4) 15–35 52 Henry et al. 2011 
  Triticum compactum 12 (4.9) 5–22 50 This study 
  Triticum dicoccoides 17 (6.1) 8–30  50 Piperno et al. 2004 
  Triticum durum 11 (4.0) 5–23 50 This study 
  Triticum monococcum subsp. aegilopoides 15 (1.7) 10–20 46 Henry et al. 2011 
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Figure 2.1: Transmitted and polarized views of starch at 400× magnification from: a, b) 
Cyperus esculentus; c, d) Vicia ervilia; and e, f) Moringa peregrina. 
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Figure 2.2: Transmitted and polarized views of starch at 400× magnification from: a, b) 
Aegilops crassa; c, d) Aegilops triaristata; e, f) Aegilops vavilovii; g, h) Hordeum 
distichon; i, j) Pennisetum americanum; k, l) Triticum durum; and m, n) Triticum 
compactum. 
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Chapter Three: Analysis of Phytolith Production Patterns in Select Southwest Asian 
Non-grass Plant Species 
 
3.1 Introduction and background 
 
Phytoliths are becoming an increasingly important tool in archaeological research.  
However, not all plants produce phytoliths. Understanding which plants do and do not 
produce them is important because it informs researchers about which taxa can and 
cannot be identified through the use of phytolith analysis. To date, the majority of 
phytolith research in Southwest Asia has focused on understanding production patterns in 
plants commonly consumed by humans, especially members of the Poaceae (Gramineae) 
family. Non-grass taxa, such as members of the Fabaceae (Leguminosae) family, are 
economically important in the region and have only been recovered macrobotanically. 
Being able to observe non-grass wild taxa is particularly important because it would 
allow archaeologists to reconstruct agricultural practices (Jones et al., 2010), use of dung 
(Miller, 1984; Miller and Smart, 1984), and paleoecology (Behre and Jacomet, 1991; van 
der Veen, 1992) in the region. In this paper I: 1) provide a review of what is currently 
known about phytolith production patterns in Southwest Asia, 2) analyze and discuss 
production patterns and the diagnostic status of 181 species from 41 families, and 3) 
suggest ways in which phytolith comparative data could be better centralized to facilitate 
more efficient research.  
Phytoliths are small, inorganic silica bodies that form in the intercellular spaces of 
plant tissues and in the specialized silica accumulation cells when soluble monosilicic 
acid (H4SiO2) is absorbed by the root system and transported throughout the plant 
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(Piperno, 2006). These crystals adopt a variety of shapes and sizes and can be diagnostic 
to a plant habit, family, genus, species, and/or plant part (Pearsall, 2000; Piperno, 2006). 
They preserve in soils, artifact residues, and dental calculus and provide archaeologists 
the opportunity to explore a range of topics stretching from the diet of 2 million year old 
Australopithecus sediba (Henry et al., 2012) to activity areas in 17th century colonial 
Virginia, USA (Sullivan and Kealhofer, 2004).  
 One of the key elements of determining the diagnostic potential of a phytolith 
shape or phytolith assemblage from a particular species is to understand the production 
patterns of phytoliths within regional flora (Pearsall, 2000; Piperno, 2006). Several 
regional syntheses of phytolith production patterns have been published around the world 
including Panama (Piperno, 1989; 1988; 1983), Southeast Asia (Kealhofer and Piperno, 
1998), intertropical Africa (Barboni et al., 2007), Ethiopia (Barboni et al., 1999), Central 
Africa (Runge, 1999), East Africa (Runge and Runge, 1997), Australia (Wallis, 2003) 
and the Great Plains, USA (Bozarth, 1992). In the “Phytoliths in the Flora of Ecuador 
Project,” Pearsall systematically sampled plants and surrounding soils across many 
environments, the results of which were made freely available to the public via an online 
database (http://phytolith.missouri.edu). Through this project, she was able to describe 
the range of phytoliths produced by a variety of taxa and determine whether or not they 
were diagnostic for that region. 
The results of the Phytoliths in the Flora of Ecuador Project were particularly 
useful because Pearsall provided detailed phytolith production tables listing the presence 
and abundance of phytoliths from a variety of genera. Although such a comprehensive 
style project has not been conducted for Southwest Asia, researchers have conducted 
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similar projects at the periphery of the region and have been independently piecing 
together phytolith production patterns for some time. One of the goals of this paper is to 
centralize and discuss the resources that detail these patterns. 
3.2 Status and review of phytoliths from Southwest Asia 
3.2.1 Organization of comparative Southwest Asian publications 
 
To date, there is no single publication that summarizes the state of phytolith 
production in Southwest Asia. Southwest Asia is defined here as the area spanning the 
Arabian Peninsula, Anatolia, Syria, Iraq, Kuwait, Israel, Lebanon, Jordan, the Zagros 
Mountains of Western Iran, and the Sinai Peninsula. Pearsall (2000), Piperno (2006), and 
Rosen (1999) provide good introductions to phytolith analysis in general and list the 
types of domesticated Southwest Asian taxa that can be identified. Detailed comparative 
analyses, however, are scattered throughout the literature and are often buried deep 
within archaeological publications. This scattering of information makes it difficult for 
researchers to compare and analyze phytolith production patterns in order to elicit a 
clearer understanding of the diagnostic potential of certain phytolith types.  
Comparative materials from Southwest Asia are typically studied in three formats: 
1) large-scale regional phytolith studies, 2) focused comparative studies of a specific a 
range of related taxa, or 3) comparative analyses of taxa that are important to a particular 
archaeological site (Table 3.1). Large scale regional studies are those that are similar to 
the Phytoliths in the Flora of Ecuador project in which researchers examine phytoliths 
produced from a range of taxa from different environments within a defined geographic 
area. Focused comparative studies are those that examine phytoliths produced within a 
set of related modern taxa, such as phytolith production within modern wheat and barley 
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species (Ball et al., 2001). Comparative analyses of local modern flora are often carried 
out in tandem with archaeological projects as a way to help with identification of 
archaeological taxa and are usually included in a specific section of those reports. 
A comprehensive literature review revealed two regional, 36 focused 
comparative, and 11 archaeological publications that include discussions on Southwest 
Asian comparative materials (Table 3.1). Both of the regional studies and the 
archaeological reports provide clear pictures, morphological descriptions of phytoliths,  
and detailed lists of taxa that do and do not produce phytoliths.  Some of the detailed 
comparative studies provide very good pictures and discussions of phytolith types (Ball et 
al., 2001; Cummings, 1992; Rosen, 1992; e.g. Rosen and Weiner, 1994) while others 
mention only the presence of silica in certain taxa (e.g. Lanning, 1966). The majority of 
the comparative work for this region has focused on understanding phytoliths produced 
by the grass family (Poaceae) (Table 3.2) with some work focusing on non-grass food 
plants (Cummings, 1992), sedges (Ollendorf, 1992; Ollendorf et al., 1987), and 
woody/herbaceous taxa (Albert and Weiner, 2001). To date, very few studies have 
examined non-grass weedy taxa in Southwest Asia (Piperno, 2006). 
3.2.2 Taxa that produce diagnostic phytoliths in Southwest Asia 
 
In general, all of the cultivated cereals native to Southwest Asia, such as Triticum 
sp., Hordeum sp., and Secale sp., produce diagnostic phytoliths in their leaves, glumes, 
and culms that are identifiable to the genus and sometimes species level (Rosen, 1992). In 
addition, a number of wild grass taxa, such as Aegilops sp. and Bromus sp., also produce 
phytoliths in their leaves, glumes, and culms that are diagnostic to the genus level (Table 
3.2.). 
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 In contrast, cultivated members of the Fabaceae family (Leguminosae), such as 
such as Cicer arietinum (chickpea), Lens culinaris (lentil), and Pisum sativum (pea) 
produce phytoliths, but they are not specific to genus and species (Cummings, 1992; 
Piperno, 2006). These taxa produce phytoliths such as sclereids, hair cell bases, and hair 
cell phytoliths in their leaves and seed pods that are indicative of leaf tissues. Other 
economically important taxa, such as Vicia ervilia (bitter vetch), and wild Fabaceae have 
been studied but have not been thoroughly discussed in terms of phytolith production 
patterns and diagnostic capabilities (Piperno, 2006) . 
Other foods such as Olea europaea (olive), Vitis spp. (grape), Allium spp. (onion), 
Brassica spp. (mustard), Beta spp. (beet), and Daucus spp. (carrot), either do not produce 
phytoliths or produce redundant phytolith types that are common to all plants 
(Cummings, 1992). The spinulose spinulose spheres produced in the leaves and fruits of 
Phoenix dactylifera provide one important exception (Vrydaghs et al., 2001). These 
phytoliths are diagnostic of the genus Phoenix spp. and are one of the most easily 
recognizable phytoliths in the archaeological record. 
Many other types of plants such as trees and shrubs can also be identified in 
Southwest Asia through phytolith analysis. Phytoliths indicative of woody or stem tissues 
are produced by many gymnosperms and herbaceous dicotyledons taxa (Albert and 
Weiner, 2001) but are only diagnostic at the tissue level such as bark, wood, stems, etc. 
Extensive work has been conducted on distinguishing between the different types of 
phytoliths associated with Cyperaceae sedge taxa. These studies indicate that phytoliths, 
such as the classic cone or hat shaped phytoliths, are diagnostic to the family and genus 
levels (Ernst et al., 1995; Ollendorf, 1992; Ollendorf et al., 1987; 1988). However, most 
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of this work has focused on phytoliths produced in the leaves and stems with very little 
attention being paid to phytoliths that may be produced in the roots and tubers that could 
have been consumed or have utilitarian purposes. Understanding phytolith production in 
tubers and other underground storage organs is especially important because they do not 
preserve well in the macrobotanical record or at least are not easily identifiable.  
In general, domesticated and wild grasses, sedges, and palms from Southwest 
Asia can be identified to the genus, and sometimes species level. Other types of taxa do 
not produce phytoliths, produce redundant phytoliths, or produce phytoliths that are 
indicative of a particular plant part rather than a taxon. In this project, I seek to fill in the 
gaps in our knowledge of phytolith production patterns in Southwest Asia by expanding 
the number of non-grass wild taxa that can be identified through phytolith analysis.  
3.3 Methods 
3.3.1 Collecting plant specimens 
 
During the summer of 2011, I travelled to the Ohio State University where Dr. 
Joy McCorriston allowed me to collect 350 samples from 181 species from 44 families 
from her extensive Southwest Asian herbarium collection (Tables 3.3 and Appendix 1). 
The samples were chosen by comparing the wide ranging list of non-grass 
macrobotanical species recovered from Troy in Turkey (Riehl, 1999) with the collection 
of modern materials from Syria housed in the McCorriston collection.  The list of species 
from Troy was chosen because it represents an extensive list of archaeobotanical remains 
preserved within Southwest Asia and serves as a useful starting point for determining 
whether non-grass taxa also produce phytoliths. Comparative samples from Syria were 
chosen because of the abundant variety of taxa available in the McCorriston collection 
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and because Syria contains most of the phytogeographic environments that are found 
throughout Southwest Asia (Zohary et al., 2012).  Taxa that were closely related to those 
recovered from Troy were also sampled where present. Samples were taken from leaves, 
stems, inflorescence, fruits, roots, tubers, seeds, seed capsules, legumes, legume capsules, 
culms, pericarps, endocarps, exocarps, and synconiums, where available.  
3.3.2 Processing comparative specimens 
 
Within the Archaeobotany Laboratory at the University of Connecticut, each 
sample was weighed to the nearest 0.0001g, pretreated and sterilized to remove potential 
contaminants, and dry ashed in a muffle furnace heated to 490–500°C1 for 3.5 hours 
using the sterilization and dry ashing protocol detailed in Pearsall (2000: 436–439) and 
Piperno (2006)2. Once a sample was ashed, it was removed from the muffle furnace, 
weighed, and 0.0010g ± 0.0002g mounted on a microscope slide in Canada balsam and 
covered with a microscope cover slip for examination (Pearsall, 2000). The unmounted 
material was transferred to a labelled 1-dram vial for storage. The percent dry silica 
weight was calculated by dividing the extract weight of the sample by its original, 
preprocessed weight and multiplying by 100. 
 
3.3.3 Scanning slides and analyzing results 
 
                                                 
1 On rare occasions, samples burned very quickly during the ashing process causing 
temperatures within the muffle furnace to briefly spike and rise above 500°C.  
2 The majority of samples were processed according to their plant part thereby facilitating 
faster processing. In some instances, when parts of a herbarium voucher specimen were 
too small to subdivide into their constituent parts, they were processed together, such as 
the inflorescence and leaves of Chrysanthemum coronarium L. 
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 One slide for each sample was scanned using a Zeiss Axiostar Plus microscope. A 
quick scan was completed for each sample at 200× magnification and the presence or 
absence of charred material, phytoliths, or raphids (calcium carbonate crystals) was noted 
(Pearsall, 2000). Samples that looked like they contained at least 200 phytoliths were 
were scanned for 200 phytoliths at 400× magnification for potential diagnostic types. 
Potential diagnostics are identified as shapes that appear in standard phytolith guides 
(Pearsall, 2000; Piperno, 2006), such as bilobates, bulliforms, stomae, etc., or are new 
types that can be described using criteria detailed in the International Conference on 
Phytolith Nomenclature (ICPN) (Madella et al., 2005). Definitions for ICPN terms that 
are used in this publication are listed in Appendix 2. Potential diagnostic types were 
photographed using a Nikon digital camera with NIS Elements software. The results were 
then paired with the percent silica dry plant weight of each sample to give an overall 
impression of the phytolith production patterns of the plant. 
3.4 Results 
 
Only 4.3% (n=15) of the 350 samples examined in this study produced 200+ 
phytoliths (Table 3.3). Species that did not produce phytoliths at all or produced 
phytoliths in very small quantities (less than five per slide) are listed in Appendix 1. The 
majority of taxa producing phytoliths came from the Boraginaceae family (n=10), a 
family that is well known to produce abundant, potentially diagnostic phytoliths (Piperno, 
2006). The other families that produced phytoliths were the Euphorbiaceae (n=2), 
Malvaceae (n=1), Moraceae (n=1), and Ranunculaceae (n=1) (Table 3.3). 
3.4.1 Boraginaceae 
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The Boraginaceae family contains roughly 48 genera of mostly herbs, shrubs, and 
trees in Southwest Asia (Davis, 1978). Ten of the 23 samples examined (representing six 
species) produced abundant phytoliths, the majority of which were variations of 
nonsegmented hair cell types (Tables 3.4 and 3.5). Heliotropium bovei leaves produced 
hair cells that were acicular (n=23), lanceolate (n=163), and unciform (n=13) in shape 
and either echinate, sorbiculate, or psilate in surface texture (Table 3.4). Heliotropium 
myosotoides leaves did not produce as many total phytoliths (n=87) as other 
Boraginaceae samples, but did produce some lanceolate psilate broken hair cell fragments 
(n=77) (Table 3.4). Heliotropium suaveolens produced acicular psilate to echinate hair 
cells in their leaves (n=198) and inflorescence (n=176) tissues (Figure 3.1 and Table 3.4).  
Nonsegmented echinate hair cell and hair cell fragments were produced in the 
leaf, stem, and inflorescence of Heliotropium rotundifolium. The stem was dominated by 
nonsegmented acicular echinate hair cell fragments (n=142) (Table 3.4). An abundance 
of acicular psilate to echinate (n=200) hair cells that varied in shape from straight to 
curved were found in the leaves (Table 3.4). The inflorescence produced nonsegmented 
oblong echinate to psilate elongate hair cell fragments (n=200) (Figure 3.1 and Table 
3.4). It is important to note that articulated hair cells were found only in the leaf tissues 
and entirely absent from the stem and inflorescence. Disarticulated hair cell fragments 
were found in all three tissue types (Table 3.4).  
Phytoliths recovered from Moltkia longiflorum leaves and inflorescences differed 
from the other Boraginaceae species examined in that both silicified hair cell and hair cell 
base tissues were present. The leaves contained nonsegmented lanceolate echinate hair 
cell and hair cell fragments (n=161) alongside intact polygonal hair cell bases (n=39) 
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(Table 3.5). The inflorescence tissues also produced nonsegmented echinate hair cell and 
circular hair cell bases (n=129) and nonsegmented lanceolate psilate hair cells (n=60) 
(Table 3.5). No other species of Boraginaceae in this study produced hair cell bases. 
Finally, Echium angustifolium leaves produced mostly nonsegmented lanceolate psilate 
hair cells (n=177) (Figure 3.1 and Table 3.5). Overall phytolith production as a 
percentage of dry plant weight within Boraginaceae ranged from 11.9% (H. 
rotundifolium stem) to 24.5% (H. suaveolens leaf) with a mean of 18.3% (Table 3.4) . 
3.4.2 Euphorbiaceae 
 
Euphorbiaceae is large dicotyledonous family that includes four genera of herbs 
and shrubs in Southwest Asia (Davis, 1982). Two out of the six samples examined 
produced phytoliths. The Euphorbia aleppica stem produced phytoliths that are 
characteristic of stems, including vascular tissues (n =123), tracheids (n= 47), and 
mesophyll (n=30) (Table 3.6). The E. gaillardotii stem sample produced similar results: 
vascular tissues (n=110), tracheids (n=75) and sinuate epidermal long cells (n=15) 
(Figure 3.2 and Table 3.6). Phytolith production for the stems of Euphorbia gaillardotii 
and E. aleppica are 12.0% and 10.6% respectively (Table 3.6). 
3.4.3 Malvaceae 
 
This family contains ten genera of herbs and shrubs in Southwest Asia (Davis, 
1967). Only one sample (Corchorus trilocularis seed) out of the four examined produced 
phytoliths in abundance. The Corchorus trilocularis seed sample produced an irregular 
sulcate epidermal phytolith (n=200) (Figure 3.2). Phytoliths produced by this seed 
represented 6.48% of the dry plant weight (Table 3.7). 
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3.4.4 Moraceae 
 
The Moraceae family contains four genera in Southwest Asia and includes mostly 
trees and shrubs (Davis, 1982; Townsend and Guest, 1980). Most of the species are found 
in the tropics and subtropics with a few growing in more temperate environments 
(Heywood, 2013). In this study, only one out of three samples produced phytoliths in 
abundance. The Ficus retusa leaf sample produced three types of phytoliths: 
nonsegmented acicular psilate hair with orbicular psilate hair base (n=38), insitu psilate 
hair base with quadrilateral epidermal cells (n=1), and globular cystoliths (n=161) (Table 
3.7). Most phytoliths within this sample were globular cystoliths and may prove 
diagnostic to the genus or species upon further analysis because of their abundance and 
variability in surface texture and shape (Figure 3.2). Phytoliths make up 16.1% of the dry 
weight of the Ficus retusa leaf sample (Table 3.7). 
3.4.5 Ranunculaceae 
 
Seventeen genera of the Ranunculaceae family are found in Southwest Asia and 
are comprised mostly of herbs (Davis, 1965). They are concentrated in temperate regions 
of the northern hemisphere. Only one sample (Adonis dentata seed), out of the seven 
produced phytoliths. This sample produced polygonal fine epidermal cells in abundance 
(n=200) (Table 3.7). The number of sides to the epidermal cell was inconsistent and a 
range of surface textures could be seen including fine, striate, lacunose textures. 
Phytoliths represent 6.5% of the weight of the Adonis dentata seed sample (Table 3.7). 
3.5 Discussions 
3.5.1 Diagnostic assessment 
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The results of this study build upon the existing literature for known phytolith 
production patterns by discovering 11 previously unknown phytolith producing taxa out 
of 181 taxa (Table 3.3). Boraginaceae is well known for producing an abundance of hair 
cell phytoliths that may be specific to the family, subfamily, or genus level (Piperno, 
2006). In the regional study from Oman, Cordia perrottetii, Heliotropium calcareum, 
Heliotropium fartakense, Heliotropium longiflorum, Nogalia drepanophylla, 
Trichodesma africanum, Trichodesm hildebrandtii, Trichodesm indica produced 
abundant phytoliths. These taxa differ from the ones in this study, but they all produced 
similar hair cell and hair cell base phytoliths (Ball et al., 2007). Six Boraginaceae species 
out of seven in this study produced an abundance of slightly different hair cells in the leaf 
and reproductive structures. The high pattern of silicification and production of hair cells 
and hair cell bases in this study is consistent with the literature (Piperno, 2006) 
suggesting that these phytoliths are diagnostic of general leaf and stem tissues. 
 Members of the Moraceae family are known to produce abundant phytoliths in 
their leaf and reproductive tissues (Piperno, 2006). In regional studies in Greece 
(Tsartsidou et al., 2007), and Oman (Ball et al., 2007) Ficus carica has been reported to 
produce abundant psilate hair cell, papilla, and long cell phytoliths. Ficus cordata var. 
salicifolia, Ficus sycomorus, and Ficus vastal in Oman also produced an abundance of 
psilate hair cell, papilla, and long cell phytoliths (Ball et al., 2007). The phytolith from 
Ficus retusa leaves in this study were slightly different from previously published reports 
in that they also produced an abundance of cystoliths that were not reported in Oman or 
Greece (Figure 3.1). Variations in phytolith production patterns associated with variations 
in climate or environmental conditions may account for this discrepancy (Piperno, 2006). 
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Cystoliths are known to be produced in the leaves of Moraceae taxa (Piperno, 2006), 
suggesting that the phytoliths in this study are diagnostic at the family and possibly genus 
level.    
Phytolith production in the Euphorbiaceae family is moderate and restricted to the 
reproductive structures of a plant (Piperno, 2006) as illustrated by four out of the 16 
species from Oman producing phytoliths (Ball et al., 2007). The phytoliths produced by 
the taxa (Euphorbia spp.) in Oman were predominantly indicative of leaf tissues such as 
psilate and segmented hair cells, stomates, and mesophyll phytoliths that are generally 
diagnostic of leaf and stem tissues. The taxa that produced phytoliths in this study, 
Euphorbia aleppica and Euphorbia gaillardetti stems, yielded abundant phytoliths such 
as tracheids and vascular tissues that are redundant and found in all plants. 
 Phytolith production in the Malvaceae and Ranunculaceae families can vary 
considerably by subfamily (Piperno, 2006). None of the eleven Malvaceae species 
studied in Oman produced phytoliths (Ball et al., 2007), while only one species out of 
four Malvaceae and one species out of four Ranunculaceae produced phytoliths in this 
study. The seeds of both the Corchorus trilocularis (Malvaceae) and the Adonis dentata 
(Ranunculaceae) produced epidermal cells phytoliths and are not diagnostic because 
epidermal phytoliths are common across most plant taxa. 
3.5.2 Non-phytolith producing taxa 
 
What was surprising in this study was the number of samples that did not produce 
phytoliths. Many of the families in this study, such as the Asteraceae (Compositae), 
Chenopodiaceae, and Fabaceae (Leguminosae), contain taxa that produce phytoliths in 
other parts of the world such as Oman (Ball et al., 2007), Southeast Asia (Kealhofer and 
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Piperno, 1998), and the New World tropics (Piperno, 2006). However, the taxa in this 
study from those same families did not produce phytoliths demonstrating that although 
some families are considered to be good phytolith producers, such generalizations do not 
not apply to all members of a family, especially if they are large families such as 
Asteraceae (Compositae). Differences in phytolith production can even vary between 
members of the same genus. Runge and Runge (1997) for example report the presence of 
phytoliths in the leaves of Rhamnus prinoides from Africa while none were recorded 
from the fruit of Rhamnus palaestinus in this study. Reasons as to why this variability 
exists remain uncertain but could be due to environmental variability (Pearsall, 2000; 
Piperno, 2006) or plant part selection. 
3.5.3 Centralizing data and reporting non-producers 
Understanding phytolith production patterns in taxa commonly found in 
Southwest Asia is an ongoing process. Many families, such as Poaceae are known for 
producing an abundance of phytoliths that are very useful for understanding important 
archaeological and paleoenvironmental topics. However, more attention needs to be paid 
to the publication of lists of plants and associated parts that do not produce phytoliths in 
order to prevent duplication of studies, elicit a clearer understanding of genetic 
relationships between taxa, and facilitate a better understanding of the diagnostic 
potential of phytolith shapes within closely related taxa. Researchers need to be vigilant 
about listing which plant species and plant parts they study.  
The lack of phytoliths in many of the samples in this project, as well as the 
tendency to only publish data about plant parts that do produce phytoliths, illustrates the 
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need for a centralized, publically-available database that allows researchers to obtain 
information on which plants do and do not produce phytoliths.  
One way in which researchers can make comparative data centralized and easily 
accessible is through the development of online databases and websites such as the 
Phytolith Database associated with Pearsall’s Phytoliths in the Flora of Ecuador Project. 
Several researchers have created online websites (Old World Reference Phytoliths 
version 1.3 http://www.homepages.ucl.ac.uk/~tcrndfu/phytoliths.html), and databases 
(GEPEG PhytCore Phytolith Database http://www.gepeg.org/enter_PCORE.html) of 
phytoliths produced by Southwest Asia taxa that they have encountered during their 
archaeological research. An alternative to the creation of individual websites or databases 
based on their research, is a centralized database, such as the Paleobot.org database, that  
allows scholars to upload and share their comparative pictures. While this database is not 
exclusive to Southwest Asia, it does provide scholars the opportunity to interact and 
discuss the diagnostic significance of phytoliths from their uploaded pictures.  
 A phytolith database in which taxa could be searched for within publications 
would minimize repetitive research and aid research efforts by cutting down the amount 
of background research required when exploring new taxa. The establishment of this type 
of database, alongside a systematic study of plant taxa similar to the Phytoliths in the 
Flora of Ecuador project and the projects in Oman (Ball et al., 2007) and Greece 
(Tsartsidou et al., 2007) would greatly enhance our understanding of phytolith production 
patterns in Southwest Asia. 
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3.6 Conclusions 
Comparative phytolith work has come a long way in establishing important 
guidelines for identifying phytolith production patterns in many taxa (Pearsall, 2000; 
Piperno, 2006). Much is known about phytolith production within grasses in Southwest 
Asia but significant gaps in knowledge phytolith production in non-grass taxa remain. 
The phytolith production patterns in this study add to the growing body of knowledge 
regarding which taxa produce phytoliths (Boraginaceae, Euphorbiaceae, Malvaceae, 
Moraceae, and Ranunculaceae) and which taxa do not produce phytoliths (See Appendix 
1). Of the 350 samples from 181 species analyzed in this project, 15 samples representing 
11 species produced phytoliths in sizable quantities. The samples that hold the most 
promise for producing diagnostic phytoliths are the hair cell and hair cell bases in the 
leaves of the Boraginaceae samples and the cystoliths and hair cells in the Ficus retusa 
(Euphorbiaceae) leaves. The discovery of phytoliths in taxa from plant families that are 
often used in teas and medicines (e.g. Boraginaceae) could help better refine questions 
related to subsistence and the environment and expand archaeological research into 
questions of plant use and health, medicine, and culinary preferences. 
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Table 3.1: Publications that have focused on phytolith production in regional studies, 
focused comparative studies, and archaeological reports. 
Regional studies Focused comparative studies Archaeological reports 
Ball et al., 2007 Ball et al., 2001; 1993; 1999; 1996 Albert et al., 1999; 2000, 
2008 
Tsartsidou et al., 2007 Bennett, 1982a; 1982b Albert and Weiner, 2001 
  Bennett and Parry, 1981; 1980 Berlin et al., 2003 
  Blackman, 1969; 1968 Ollendorf, 1987 
  Blackman and Parry, 1968 Portillo et al., 2010; 2014 
  Cabanes et al., 2011 Power et al., 2014 
  Cummings, 1992 Ryan, 2011 
  Elbaum et al., 2003  Vrydaghs et al., 2001 
  Ernst et al., 1995   
  Hayward and Parry, 1980; 1975; 1973   
  Hodson and Sangster, 1989a; 1989b; 
1988 
  
  Hodson et al., 2001   
  Hutton and Norrish, 1974   
  Jarvis, 1987   
  Kaplan et al., 1992   
  Lanning, 1966   
  Madella et al., 2009   
  Ollendorf, 1992, 1987   
  Ollendorf et al., 1988   
  Parry and Smithson, 1966; 1964   
  Portillo et al., 2006   
  Rosen, 1992   
  Rosen and Weiner, 1994   
  Tubb et al., 1993   
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Table 3.2: Publications that have focused on phytolith production in wheat (Triticum sp.), 
barley (Hordeum sp.), rye (Secale sp.) and related grassy taxa in Southwest Asia 
(Sudbury, 2011). The botanical terminology used in each report are used here. 
 
Taxa Source 
Aegilops bicornis Rosen, 1992 
Aegilops searsii Rosen, 1992; Tubb et al., 1993 
Aegilops speltoides Kaplan et al., 1992; Tubb et al., 1993 
Aegilops speltoides var. aucheri Tubb et al., 1993; Umemoto, 1973 
Aegilops squarrosa Kaplan et al., 1992; Tubb et al., 1993 
Aegilops umbellulata Kaplan et al., 1992; Tubb et al., 1993 
Agropyron repens Kaplan et al., 1992 
Avena abyssinica Kaplan et al., 1992 
Avena barbata Kaplan et al., 1992 
Avena brevis Kaplan et al., 1992 
Avena byzantina Kaplan et al., 1992 
Avena fatua Kaplan et al., 1992 
Avena nuda Kaplan et al., 1992 
Avena sativa Bennett, 1982a; Bennett and Parry, 1980; Kaplan et al., 
1992 
Avena sterilis Kaplan et al., 1992 
Bromus arvensis Kaplan et al., 1992 
Bromus mollis Kaplan et al., 1992 
Bromus secalinus Kaplan et al., 1992 
Hordeum distichon Kaplan et al., 1992; Rosen, 1992 
Hordeum distichon var. trifurcatum Kaplan et al., 1992 
Hordeum jubatum Tubb et al., 1993 
Hordeum murinum Tubb et al., 1993 
Hordeum sativum  Bennett, 1982b; 1982a; Bennett and Parry, 1980; 
Hayward and Parry, 1980; 1975; 1973 
Hordeum sp.  Walker and Lance, 1991 
Hordeum spontaneum Ball et al., 2001; 1999; Berlin et al., 2003; Kaplan et al., 
1992 
Hordeum vulgare Ball et al., 2001; 1999; Berlin et al., 2003; Kaplan et al., 
1992; Lanning, 1966; Madella et al., 2009; Rosen, 1992; 
Tubb et al., 1993 
Lolium perenne Jarvis, 1987; Kaplan et al., 1992 
Lolium remotum Kaplan et al., 1992 
Lolium sp. Rosen, 1992 
Lolium temulentum Kaplan et al., 1992 
Secale anatolicum Kaplan et al., 1992 
Secale cereale  Bennett and Parry, 1980; Blackman, 1968; Blackman 
and Parry, 1968; Kaplan et al., 1992 
Secale vavilovii Kaplan et al., 1992 
Triticum aegilopoides Kaplan et al., 1992; Umemoto, 1973 
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Table 3.2 Cont. 
Taxa Source 
Triticum aestivum  Ball et al., 2001; 1999; Bennett, 1982a; Bennett and 
Parry, 1980; Berlin et al., 2003; Blackman, 1969; 
Hodson and Sangster, 1989b; 1989a; 1988; Jarvis, 1987; 
Kaplan et al., 1992; Madella et al., 2009; Rosen, 1992; 
Tubb et al., 1993 
Triticum araraticum  Kaplan et al., 1992 
Triticum boeticum ssp aegilopoides Tubb et al., 1993 
Triticum carthlicum Kaplan et al., 1992 
Triticum compactum Kaplan et al., 1992 
Triticum dicoccoides Ball et al., 2001; 1999; Berlin et al., 2003; Kaplan et al., 
1992; Rosen, 1992; Tubb et al., 1993 
Triticum dicoccon Ball et al., 2001; 1999; Berlin et al., 2003; Tubb et al., 
1993 
Triticum dicoccum Kaplan et al., 1992; Madella et al., 2009; Rosen, 1992 
Triticum durum  Berlin et al., 2003; Hodson et al., 2001; Jenkins, 2009; 
Kaplan et al., 1992; Tubb et al., 1993 
Triticum macha Kaplan et al., 1992 
Triticum monococcum Ball et al., 2001; 1999; Berlin et al., 2003; Kaplan et al., 
1992; Rosen, 1992; Tubb et al., 1993; Umemoto, 1973 
Triticum polonicum Kaplan et al., 1992 
Triticum sp. Hutton and Norrish, 1974 
Triticum spelta Kaplan et al., 1992; Madella et al., 2009 
Triticum sphaerococcum Kaplan et al., 1992 
Triticum thaoudar Kaplan et al., 1992 
Triticum timopheevii Kaplan et al., 1992; Tubb et al., 1993; Umemoto, 1973 
Triticum turgidum Kaplan et al., 1992; Tubb et al., 1993 
Triticum turgidum subsp. dicoccum Rosen and Weiner, 1994 
Triticum urartu Kaplan et al., 1992 
Triticum vavilovii Kaplan et al., 1992 
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Table 3.3: Plant species examined in this study that produced phytoliths in abundant 
quantities (listed alphabetically by family). Plant parts listed in parentheses were 
processed together as a single sample.  
 
Family Genus/ species Plant part/sample 
Boraginaceae Echium angustifolium  leaves 
 Heliotropium bovei  leaves 
 Heliotropium myosotoides  leaves 
 Heliotropium rotundifolium  stem, leaves, inflorescence 
 Heliotropium suaveolens  leaves, inflorescence 
 Moltkia longiflorum  leaves, inflorescence 
Euphorbiaceae Euphorbia aleppica stem 
 Euphorbia gaillardotii stem 
Malvaceae Corchorus trilocularis seed 
Moraceae Ficus retusa leaf 
Ranunculaceae Adonis dentata (seed, inflorescence) 
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Table 3.4: Raw count of phytolith production patterns in Boraginaceae Heliotropium sp. 
samples with abundant quantities of phytoliths. (Infl. = inflorescence) 
 
  H. suaveolens H. rotundifolium 
H. 
myosotoides 
H. 
bovei  
Plant part Leaves Infl. Leaves Infl. Leaves Stem Leaves Leaves 
% silica of dry 
plant weight 19.5% 17.6% 24.5% 16.6% 15.8% 
11.9
% 14.3% 18.5% 
Tracheids 0 0 0 0 0 1 0 0 
Hair cell base 39 0 0 0 0 0 0 0 
Nonsegmented 
lanceolate echinate 
hair cell and 
fragments 161 0 0 0 0 0 0 0 
Nonsegmented 
acicular psilate to 
echinate hair cell 0 176 198 0 0 0 0 0 
Crenate 0 14 0 0 0 0 0 0 
Lanceolate long 
cell 0 1 0 0 0 0 0 0 
Elongate psilate 
long cell 0 9 0 0 0 0 0 0 
Nonsegmented 
acicular echinate 
hair cell fragment 0 0 2 0 0 142 0 0 
Nonsegmented 
oblong echinate to 
psilate elongate  
hair cell fragments 0 0 0 200 0 0 5 0 
Nonsegmented 
lanceolate psilate 
hair cell, broken 0 0 0 0 0 0 77 0 
Nonsegmented 
elongate echinate 
hair cell fragment 0 0 0 0 0 0 5 0 
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Table 3.4: Cont. 
  H. suaveolens H. rotundifolium 
H. 
myosotoides 
H. 
bovei  
Plant part Leaves Infl. Leaves Infl. Leaves Stem Leaves Leaves 
Nonsegmented 
lanceolate 
sorbiculate hair 
cells 0 0 0 0 0 0 0 163 
Nonsegmented 
acicular echinate 
hair cells 0 0 0 0 0 6 0 23 
Perforated sheet 0 0 0 0 0 0 0 1 
Nonsegmented 
Unciform psilate 
hair cell 0 0 0 0 0 0 0 13 
Acicular psilate to 
echinate hair cell 0 0 0 0 200 0 0 0 
Total 200 200 200 200 200 149 87 200 
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Table 3.5: Raw count of phytolith production patterns in Boraginaceae Moltkia 
longiflorum and Echium augustifolium samples.  
 
  
M. longiflorum 
  
E. augustifolium 
Plant part Infl. Leaves Leaves 
% silica of dry plant 
weight 21.4% 19.5% 21.4% 
Tracheids 6   0 
Nonsegmented 
echinate hair cell 
and hair base 129 0 0 
Nonsegmented 
lanceolate echinate 
hair cell and 
fragments 0 161 0 
Nonsegmented 
lanceolate psilate 
hair cell 60  0 177 
Hair cell base 5 39 0 
Tabular papillate 
vascular tissue 0 0 9 
Elongate irregular 
vascular tissue 0 0 4 
Nonsegmented 
elongate echinate 
hair cell 0 0 9 
Quadrilateral 
epidermal cells, 
charred 0 0 1 
Acicular psilate to 
echinate hair cell 0 0 0 
Total 200 200 200 
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Table 3.6: Raw count of phytolith production patterns in Euphorbiaceae Euphorbia 
gaillardotii and Euphorbia aleppica samples. 
 
Genus/species E. gaillardotii E. aleppica 
Plant part Stem Stem 
% silica of dry plant 
weight 
12.0% 10.6% 
Tracheids 75 47 
Sinuate epidermal long 
cells 
15 0 
Vascular tissues 110 123 
Mesophyll 0 30 
Total 200 200 
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Table 3.7: Raw count of phytolith production patterns in Malvaceae, Moraceae, and 
Ranunculaceae samples with abundant quantities of phytoliths. 
 
Family Malvaceae Moraceae Ranunculaceae 
Genus/species 
Corchorus 
trilocularis 
Ficus retusa Adonis dentata 
Plant part Seed Leaf Seed 
% silica of dry plant weight 6.5% 16.1% 6.5% 
Irregular sulcate epidermal cell 200 0 0 
Polygonal fine epidermal cell 0 0 200 
Nonsegmented acicular psilate 
hair with orbicular psilate hair 
base 0 38 0 
In situ psilate hair base with 
quadrilateral epidermal cells 0 1 0 
Globular cystolith 0 161 0 
Total 200 200 200 
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Figure 3.1: Phytoliths produced by Boraginaceae species at 400×. Scale bar equals 50m: 
a) leaf and b) inflorescence of Moltkia longiflorum nonsegmented echinate hair cell; c) 
leaf nonsegmented lanceolate psilate hair cell in Echium augustifolium; d) inflorescence 
nonsegmented acircular psilate to echinate hair cell in Heliotropium suaveolens; e) leaf 
acicular psilate to echinate hair cell; and f) inflorescence nonsegmented oblong echinate 
to psilate elongate hair cell multicell in Heliotropium rotundifolium; g) leaf 
nonsegmented lanceolate sorbiculate hair cells in Heliotropium bovei; h) leaf 
nonsegmented lanceolate psilate broken hair cells in Heliotropium mysotoides;and i) leaf 
nonsegmented acircular psilate to echinate hair cell in Heliotropium suaveolens. 
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Figure 3.2: Phytoliths at 400× produced in other non-grass taxa. Scale bar equals 50 m: 
a) seed polygonal fine epidermal cells in Adonis dentata (Ranunculaceae); b) 
nonsegmented acicular psilate hair with hair base and c) globular cystolith in Ficus retusa 
(Moraceae) leaf; d) stem tracheid in Euphorbia aleppica (Euphorbiaceae); and e) seed 
irregular sulcate epidermal cell in Corchorus trilocularis (Malvaceae). 
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Chapter Four: Phytoliths and Emerging Social Complexity at Tell Zeidan, Syria 
4.1 Introduction 
Early complex societies emerged during the Ubaid period (6th millennium B.C.) in 
southern Mesopotamia providing the foundation for highly complex state level societies 
that developed during the succeeding Uruk period (5th and 4th millennia B.C.) (Carter and 
Philip, 2010; Henrickson and Thuesen, 1989; Stein, 2012; 2011; Stein and Rothman, 
1994). The term “Ubaid” has been used to describe a pottery style, time period, and a 
culture that stretches throughout all of Mesopotamia and into the surrounding areas. It is 
during the Ubaid period that the first evidence of larger towns, temples, social 
stratification, irrigation-based economies, and centralized political leadership can be 
found (Stein, 2011). The importance of agriculture in facilitating the rise and spread of 
these societies in Southwest Asia is widely accepted (Adams, 1978; Carter and Philip, 
2010; Mellart, 1965; Rothman, 2004; Stein and Rothman, 1994; Weiss, 1983) yet, with 
few exceptions (Graham and Smith, 2013; McCorriston, 1997; 1992; Miller, 1997; Zeder, 
1994), little is known about subsistence in Greater Mesopotamia between the 6th and 4th 
millennia B.C.  
Excavations from 2008 to 2010 at the Ubaid period regional center of Tell Zeidan 
in northern Syria provide an opportunity to explore how social complexity developed 
outside of the Ubaid heartland of southern Mesopotamia. The main objective of this 
paper is to use phytoliths recovered from domestic contexts dating to the Ubaid 3–4 
period (later 6th through mid–5th millennium) to characterize subsistence strategies at the 
site and to consider the following questions: 1) What types of plants were being utilized 
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in the Ubaid period? 2) How were these food products being gathered and produced? 3) 
What is their distribution across domestic contexts? This paper uses phytolith data from 
16 samples from hearths, floors, burials, bins, and trash deposits from the large Ubaid 3–
4 period domestic building complex unearthed in Operations 11 and 14 on the northeast 
mound of Tell Zeidan to address these questions. 
4.2. Tell Zeidan 
 
Tell Zeidan is a 12.5 ha multi-period site located near the confluence of the 
Euphrates and Balikh rivers in northern Syria, five km east of the modern city of Raqqa 
(Figure 4.1). Three field seasons were conducted at Tell Zeidan under the auspices of the 
Joint Syrian-American Archaeological Research Project directed by Professor Gil Stein 
in partnership with Annas al-Khabour (2008), and Muhammad Sarhan (2009–2010) from 
the Raqqa Museum, Syria (Stein, 2011; 2010; 2009). 
The tri-mounded site (Figure 4.2) was continuously occupied between 5800 and 
3800 cal. B.C., spanning the Halaf, Ubaid, Late Chalcolithic 1 (LC1) and Late 
Chalcolithic 2 (LC2) periods (L.C 1 and 2) and was briefly reoccupied later during the 
Early Bronze Age from about 3000 to 2800 B.C. (Stein, 2011). Surface ceramics and 
excavations indicate that the entire mound was occupied during the Ubaid 3–4 phases, 
making it one of the largest Ubaid period settlements outside of southern Mesopotamia, 
approximating many of the temple settlements in size that defined the Ubaid culture 
complex such as Tell al ‘Ubaid (Stein, 2009). Owing to a lack of later overburden, Tell 
Zeidan provides easy access to large exposures of Ubaid period archaeological remains 
allowing for detailed investigations across space. Tell Zeidan also contains many 
potential markers of emerging social complexity such as evidence of craft specialization, 
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specialized herding economies, and vestiges of potential large-scale public architecture 
(Grossman and Hinman, 2013; Stein, 2011).  
Operation 11 was originally opened in the 2009 field season and excavations 
continued during the 2010 field season revealing domestic structures constructed in two 
phases totaling at least seven rooms and a courtyard. Three rooms contained hearths that 
were used contemporaneously. Calibrated accelerator mass spectrometry (AMS) 
radiocarbon dates from room floors and fill date this house to the early Northern Ubaid 
period between 5,100 and 5,300 BC (Stein, 2011). Operation 14 was opened in 2010, 
revealing four rooms and a courtyard that formed a continuation of the Ubaid domestic 
complex in Operation 11 (Figure 4.3). Notable remains from Operation 14 included over-
fired kiln wasters of Ubaid bowls, four spherical clay tokens, and possible prestige goods 
such as a hematite mace-head fragment and pieces of two chlorite/steatite carved stone 
bowls (Stein 2011: 128). 
4.3 Models for the origins of social complexity during the Ubaid period  
 
Very little is known about how Ubaid period societies developed and how they 
were socially organized, particularly in northern Mesopotamia. Three contrasting theories 
have been posed to explain Ubaid period social organization throughout Mesopotamia: 
state level societies with heredetary kingship (Gibson, 2010); vertical egalitarian societies 
(Frangipane, 2007), and a chiefdom model based on a staple finance system (Stein and 
Rothman, 1994). Understanding how Ubaid period societies were organized and how 
they changed is critical for understanding how social complexity developed. 
Gibson (2010) suggests that Ubaid Mesopotamia is best characterized as a state 
level society because of the presence of major non-religious buildings, the large overall 
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size of the settlements, and differential access and use of prestige objects such as those 
found in abundance at Abada (Jasim 1985). The most obvious archeological evidence for 
this type of organization would take the form of abundant prestige goods concentrated in 
very specific contexts.  
Fragipane (2007) views Ubaid Mesopotamia as an extension of egalitarian 
systems that developed during the preceding Samarran period in Southern Mesoptamia 
and Halafian period in northern Mesopotamia. These earlier societies had egalitarian 
systems in which status and decision making tasks were evenly and horizontally 
distributed between smaller groups within that community and between larger, related 
groups in a region (Frangipane, 2007). In contrast, the Ubaid period is characterized as 
having a vertical egalitarian system in which groups have leaders with initially minor 
symbolic and representative power. These groups start out as families who practiced a 
mixed economy but then transitioned away from that system eventually differentiating 
themselves socially and politically due to increasing competition for resources. Social 
stratification grew within Ubaid societies as these families acquired and centralized 
wealth and new resources (Frangipane, 2007). Archaeological evidence should reflect 
this in the form of concentration of wealth. 
Finally, Stein and Rothman (1994) suggest that during the Ubaid period, people 
used a staple finance system in which Ubaid chiefs played a central role in organizing 
agricultural surplus production and the manufacture of prestige goods. In this model, 
evidence for developing social complexity would take the form of localized, specialized 
craft production, rural production of agricultural surplus, the ability to move surplus 
goods, and the presence of large storage structures for food (Stein and Rothman, 1994). 
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While some of these traits are present in other models, and in earlier time periods, it is the 
combination of all of these traits that would signal a shift towards social complexity and a 
staple finance system. 
 The models proposed by Gibson (2010), Fragipane (2007), and Stein and 
Rothman (1994) represent three very different approaches to understanding how Ubaid 
society was organized. To date, very little archaeobotanical work has been conducted on 
this time period that would allow for these models to be tested. This paper will provide 
the foundation future archaeobotanical testing of these theories and will serve as a 
starting point for future Ubaid period microbotanical research.   
4.4 Plant production and consumption in Ubaid period houses 
 
Knowledge of food production and consumption patterns before, during, and after 
the development of complex societies is essential for revealing the role, if any, of 
agriculture in emerging social complexity. Palaeoethnobotany is an excellent tool for 
investigating the emergence of social complexity because food production and 
consumption patterns are intimately related to social interactions in all societies (Pearsall, 
2000). To date, palaeoethnobotany has been underutilized as a tool for generating and 
testing theories related to the emergence of social complexity during the Ubaid despite 
having much to offer.  
 Very little macrobotanical and no microbotanical work have been conducting at 
Ubiad period sites within Mesopotamia. The majority of palaeoethnobotanical data 
comes from ceramic impressions in clay and limited macrobotanical analysis involving 
the handpicking of charred and dried botanical remains from archaeological contexts 
(Graham, 2011). The sites of al- ‘Ubaid, Eridu, Ur, Tell al- 'Abr, Tell Uqair, Tell el 
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Oueili, and Choga Mami, provide some limited data regarding Ubaid subsistence (Gillet, 
1976; Hout, 1989; Huot, 1992; Lloyd et al., 1943; Neef, 1991; Renfrew, 1984). One 
exception to this lack of archaeobotanical data is the substantial body of work that has 
been conducted at Kenan Tepe, Turkey (Graham, 2011; Graham and Smith, 2013). 
Despite this paucity of data, these reports suggest that in southern Mesopotamia, farmers 
cultivated both Triticum spp. (wheat) and Hordeum spp. (barley) and exploited fruit crops 
such as Phoenix dactylifera (date palms) (Table 4.1). They also used flax for textiles and 
used reeds for house construction and everyday materials such as mats and baskets.  
Understanding how domestic contexts were organized and how food was 
produced, processed, stored, and ultimately consumed will shed light on how Ubaid 
society itself was organized. Food-related activities at some point involve every member 
of society and can be recreated by comparing various types of remains such as ceramics, 
animal bones, lithics, and macro- and microbotanical remains with their spatial contexts. 
Food production and consumption often involves numerous people engaged in different 
types of activities. Exploring which members of society perform these activities (and 
where they perform them) can provide insights into how the society is organized because 
each of these activities is predicated upon a relationship between those individuals that is 
indicative how how that society functions in general (Pollock, 2010). 
Ubaid period houses in Southern Mesopotamia  are typically large and are 
composed of eight to 14 rooms connected by a central T-shaped hall (Pollock, 2010). 
Ceramic analysis of the Ubaid period remains from Tell Abada, Tell Madhhur, and Tall-i 
Bakin suggests that Ubaid period food preparation and consumption generally took place 
inside the house (Pollock, 2010). Food was prepared and stored in the rooms surrounding 
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the large central hall where food was consumed (Pollock, 2010). Slight differences in 
food preparation and consumption practices may vary between sites depending upon the 
size of the community and may be a reflection of differing degrees of social organization. 
These differences become apparent when comparing general vessel types, the sizes of 
cooking and food preparation vessels, and location of grinding and cooking activities 
(Pollock, 2010).  What is lacking from these analyses is a more detailed consideration of 
what types of foods are being produced and consumed. 
 The archaeobotanical investigation of the Ubaid period settlement of Kenan 
Tepe, Turkey is the only detailed publication that provides detailed information and 
analyses regarding plant processing, storage, and consumption practices used in Ubaid 
period houses. Macrobotanical remains suggest that the inhabitants of this settlement 
used emmer wheat (Triticum dicoccum), einkorn wheat (T. monococcum), two-rowed 
barley (Hordeum vulare subsp. distichon), lentil (Lens culinaris), pea (Pisum sativum) 
and flax (Linum usitatissimum) (Graham and Smith, 2013) and that these crops were 
mostly processed offsite. Large amounts of emmer wheat was recovered from a single 
household that was burned down in antiquity providing excellent preservation of remains. 
These grains were stored in spikelet form to be processed as needed on the roof. The 
storage of hulled wheat in spikelet form in this house suggests that labor may have been 
pooled between families to process the crop after harvesting but before it was stored in 
the house (Graham and Smith, 2013: 416). A similar phenomenon may occur at Tell 
Zeidan but perhaps at a larger scale because of the larger overall size of the settlement. 
One way to test this hypothesis would be to compare the architecture and artifacts with 
the recovery of phytoliths from Tell Zeidan. 
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4.5 Detecting domestic activities and crop processing through phytolith analysis 
Phytoliths are microscopic silica bodies produced in plant tissues that can be 
identified to the family, genus, species, and plant part level (Pearsall, 2000; Piperno, 
2006). They have been successfully recovered from archaeological contexts throughout 
Southwest Asia and can be used to reconstruct different stages of plant food production 
and consumption (Harvey and Fuller, 2005) and different activity areas (Hillman, 1984a; 
Jones, 1984; Madella, 2007; 2001; Portillo and Albert, 2011; Portillo et al., 2009; 2010; 
2014; Rosen, 2012) (Figure 4.4). Leaf/stem phytoliths, such as psilate long cell types, are 
usually indicative of the threshing and primary winnowing stages in which the larger 
parts of the crops and weeds are broken up and removed. Grass husk multicells and 
echinate long cell types are associated with husks of wild and domestica taxa and are 
indicative of the pounding and secondary winnowing stages of crop needed to remove the 
husks from the seeds  (Albert and Henry, 2004; Harvey and Fuller, 2005; Hillman, 
1984b; 1981; Jones, 1984). The presence of these types of phytoliths within samples 
could be used to infer different stages of crop processing at Tell Zeidan. 
4.6 Methods  
4.6.1 Sampling in the field 
Thirty-three samples from Ubaid period features across Tell Zeidan were 
collected for phytolith analysis by Alexia Smith during the 2009 season and by the author 
in the 2010 season. The majority of samples were collected from pyrotechnic features, 
burials (both adult and infant), domestic floors, mudbrick walls, exterior surfaces, and the 
interior of bins. Excavators placed these samples in plastic bags for macrobotanical 
flotation and phytolith analysis. During both the 2009 and 2010 field seasons, 10g of soils 
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were subsampled from larger flotation soils using protocol established by Pearsall 
(Pearsall, 2000: 402), allowing for direct comparison of macrobotanical and 
microbotanical data once both analyses are complete. All samples were collected using a 
sterile metal scoop that was wiped clean with new tissue paper between samples to 
remove any adhering dirt. The samples were then transferred to sterile, labeled plastic 
bags where they were sealed and transported back to the United States for analysis.  
4.6.2 Processing soil samples 
4.6.2.1 Initial preparation 
All 33 samples were processed at the University of Connecticut Archaeobotany 
Laboratory. The methods described here are a modified dry ashing teching following 
Pearsall’s (2000: 438) protocol with modifications based on Rosen’s protocol (personal 
comm. 2011). Proper laboratory attire including disposable, powder free nitrile gloves, 
lab coat, and goggles were used to prevent potential contamination. All sediment samples 
were sieved through a 0.5 mm sieve to remove larger particles. One gram was 
subsampled from the sieved material to maintain consistency with methods used by other 
researchers, including Portillo et al. (2009) and Albert et al. (1999). The 1g sediment 
samples were transferred to 50 ml beakers containing 10 ml of distilled water and 
allowed to stand. After 5 minutes, the pH was measured and recorded. The pH meter was 
washed between samples using reverse osmosis water and dried with a clean paper towel 
to prevent cross contamination between samples. All samples were then transferred to 
sterile, labelled 15 ml centrifuge tubes and were spun in a centrifuge for five minutes at 
2000 revolutions per minute (rpm) in order to concentrate the sample. After 
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centrifugation, the supernatant was poured into a waste container and the sample was 
retained at the bottom of the test tube.  
4.6.2.2 Carbonate removal 
In order to dissolve pedogenic carbonates within the sediment, 10 ml of 10% 
hydrochloric acid (HCl) was added to each sample at five-minute intervals until foaming 
ceased. Each centrifuge test tube was filled with distilled water to dilute the HCl and 
centrifuged at 2000 rpm for five minutes. The suspense was poured off into a waste 
beaker and disposed.  All samples were subsequently rinsed and centrifuged at 2000 rpm 
for five minutes two additional times using fresh distilled water in order to remove the 
remaining HCl. Approximately 10ml of water was left in each sample to help disperse the 
clays overnight. 
4.6.2.3 Clay removal 
 After sitting for 12 hours, excess water was removed using disposable pipettes 
and the samples were transferred to labelled 600 ml beakers using distilled water. 15 ml 
of Calgon (Sodium hexametaphosphate or Sodium pyrophosphate) was added to each 
sample. Distilled water was then added up to a height of 8 cm on each beaker to facilitate 
dispersion of the clays. The height of 8 cm was critical to allow the heavier sediments to 
settle while the clay remained in suspension. Each sample was stirred using sterile glass 
stirring rods, covered with parafilm to prevent possible airborne contamination, and 
allowed to stand for exactly one hour and ten minutes. After this time had elapsed, the 
suspense was decanted carefully into waste containers taking care not to disturb the 
sediments at the bottom of the beakers. Each beaker was refilled to the 8 cm mark with 
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distilled water and left undisturbed for exactly one hour before decanting the suspense. 
The samples were repeatedly rinsed and decanted at one-hour intervals until they became 
clear, usually after the fifth or sixth rinse. After the final suspense had been drained, the 
samples within their beakers were placed in a drying oven at 40°C where they dried 
overnight. 
4.6.2.4 Organic matter removal, phytolith separation, and mounting on microscope slides 
Once dry, the samples were removed from the drying oven and transferred to 
sterile ceramic crucibles using clean stirring rod. Any lumps were carefully broken with 
the rods. The samples were then placed in a muffle furnace for two hours at 500°C. Once 
the sediments were ashed, they were transferred to 15 ml test tubes labelled “remainder.”  
Three ml of lithium metatungstate (LMT), a nontoxic, recyclable heavy liquid with a 
specific gravity of 2.3, was added to each sample. It was important to shake each sample 
briefly by hand before putting it into the centrifuge to break up the dried sediments and 
allow the LMT solution to fully penetrate the dried soils. The samples were centrifuged at 
800 rpm for 10 minutes and the supernatant from each vial was poured into clean 15 ml 
tubes labelled “extract.”  Phytoliths were visible as a dark line floating at the top of the 
remainder test tube sample after 10-minute centrifugation. Care was taken to ensure that 
none of the sediment from the bottom of the “remainder” test tube was transferred to the 
“extract” test tube.  The term “extract” refers to the phytoliths that are separated from the 
sample sediments while the term “remainder” refers to the leftover sediments.  
The remainder and extract tubes were filled with distilled water and centrifuged at 
2000 rpm for 5 minutes. This process served to rinse out the LMT from both extract and 
remainder test tubes and lower the specific gravity of the samples causing the phytoliths 
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and sediments to become concentrated at the bottom of the tubes. The suspense from the 
test tubes was then decanted into a labelled LMT beaker after five minutes for later 
recycling and reuse in the lab. Both remainder and extract samples were rinsed with 
distilled water, centrifuged for five minutes at 2,000 rpm, and then decanted two more 
times. During this process, it was helpful to warm the distilled water in order to better 
remove the LMT residues. 
 Sterile, empty 20 ml beakers were labelled and their weight recorded. The 
phytoliths in the extract test tube were transferred to these labelled beakers using distilled 
water. The beakers were then placed in a drying oven at a temperature lower than 40°C 
and allowed to dry (typically 12 to 24 hours total). Once the extract was dry, the beakers 
were re-weighed and the masses recorded. The masses of the beakers before and after the 
addition of phytoliths were used to calculate the mass of phytoliths that were extracted 
from the sediment sample.  
Phytoliths were then mounted onto microscope slides according to the protocol 
detailed in Pearsall (2000: 445–446). From each sample, 0.0010g ± 0.0002g was mounted 
into three drops of Canada Balsam and covered with a coverslip to form a permanent 
mount. The remaining phytoliths within each beaker were transferred to labelled, sterile 
1-dram vials and placed in storage. 
4.6.2.5 Counting, identification, and analysis 
Sixteen samples from domestic areas in Operatiosn 11 and 14 were chosen for 
this study. The remaining samples from the industrial areas will be counted and analyzed 
at a later date (Table 4.2). Description of the contexts analyzed in this project can be 
found in Appendix 3. These samples were chosen because they focused on different 
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domestic contexts within Operations 11 and 14. Each sample was scanned using a Zeiss 
Axiostar Plus at 400× magnification. Three hundred to 400 single cell phytoliths and 50 
to 100 multicell phytoliths were counted in each sample depending upon availability of 
phytoliths according to protocol established by Albert and Weiner (2001).  
Phytoliths were identified through comparison with the extensive Near Eastern 
Phytolith Comparative Collection housed at the University of Connecticut 
Archaeobotany Laboratory and according to established literature (Brown, 1984; 
Mulholland and Rapp, 1992; Piperno, 2006; Rosen, 1992; Twiss, et al., 1969). See 
Chapter 3 for detailed analysis of Southwest Asian comparative materials. Percentage of 
phytoliths per gram sediment and absolute number of phytoliths per gram sediment were 
calculated according to Albert and Weiner (2001) and Power et. al (2014). These values 
were calculated for all single cell and multicell phytoliths encountered.  
 
The number of phytoliths of an individual type on a slide was calculated as follows:  
n phytoliths per slide = no. counted/ n fields counted × total n fields on slide 
 
The term “fields” refers to the field of view when seen through the microscope. 
 
This number was then used to calculate the number of phytoliths per gram sediment as 
follows: 
 n phytoliths/gram  = n phytoliths per slide/total amount of sediment mounted (mg) × 
total phytolith amount (mg) / total initial sediment (mg) × 1000 
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The percentage per gram sediment was calculated for each sample as follows: 
 
Percentage /gram sediment= Total amount of phytoliths recovered from sediment (mg)/ 
Total sediment processed (mg) × 1000 
4.7  Results 
Both single cell and multicell phytoliths were successfully recovered from all 16 
contexts from Operations 11 and 14  (Tables 4.3 and 4.4). Phytoliths per gram of 
sediment ranged from 1% to 28% with an average of 9% for all of the contexts. Ubiquity 
analysis reveals that echinate and psilate single cell phytoliths and leaf/stem and long cell 
multicell phytoliths were found in all of the samples (100%) (Table 4.5). Wild grass husk 
multicell phytoliths and hair cells were found in almost all of the samples (93.5%) (Table 
4.5). Bulliform phytoliths, which are produced in the leaf epidermis of grasses, were 
found in almost all (81.25%) of the samples as well (Table 4.5). These results illustrate 
the pervasiveness of generic leaf/stem tissues and grass inflorescence tissues in the 
domestic contexts of Operations 11 and 14. Wood and bark phytoliths such as 
dicotyledonous polyhedron multicells (25%), blocks (43.75%), smooth spheroid (6.25%), 
mesophyll (37.5%), and platelet (12.5%) phytoliths were found in less than half the 
contexts (Table 4.5).  A closer examination of the quantity of these phytoliths and the 
variety of other types of phytoliths encountered hints at subtle differences in use 
associated with contexts. Note, not all detailed data regarding contexts were available for 
analysis due to the abrupt end to the excavations at Tell Zeidan. 
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4.7.1 Operation 11 
4.7.1.1 ZD 5446, 5428, 5421: Oven cleaning pit 
Samples ZD 5446 and ZD 5428 were taken from an oven-cleaning pit that 
contained a few pieces of ceramics. The oven-cleaning pit is composed of an earlier and a 
later deposition event. Two samples were taken from the earlier deposit and both 
contained high amounts of wheat and wild grass inflorescence phytoliths (4,290,462 
phyt/g sed) (Figure 4.7). ZD 5446 included sedge stem phytoliths (163,486 phyt/g sed) 
and general leaf/stem tissues (psilate long cells) (2,381,718 phyt/g sed) and contained the 
largest amount of phytoliths between the two samples (17% per gram sediment) (Table 
4.6 and Figure 4.7). ZD 5428 had a similar phytolith signature composed mostly of 
inflorescence and leaf materials but in much smaller quantities (8% per gram sediment) 
relative to ZD 5446 (Table 4.6 and Figure 4.7). 
A third phytolith sample (ZD 5421) was taken from a second, slightly later oven 
cleaning trash pit that cut into the first trash pit.  The sample from the later oven cleaning 
trash pit (ZD 5421) also had a similar phytolith signature but at a fraction of the size of 
the other two samples (4% per gram sediment Table 4.6 and Figure 4.7).  
The quantity of phytoliths in ZD 5446 suggests that it represents the initial 
dumping of oven waste composed primarily of grass inflorescence (including wheat and 
cereal husks), leaf/stem materials, and sedge stems (Figure 4.5). ZD 5428 may also 
represent the same deposition event but perhaps the sample was taken at the periphery of 
the ash pile therefore did not have the quantity and diversity of materials found in ZD 
5446. Trace amounts of wood and bark type phytoliths were found in all three samples 
(mean of three samples = 35,945 phy/g sed), but they were dwarfed in number by the 
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sheer amount of phytoliths per gram of sediment of echinate and psilate long cells (mean 
of three samples = 1,788,387 phy/g sed) suggesting that leaf and grass inflorescence 
phytoliths were the primary fuel source in the first (ZD 5446 and 5428) and second (ZD 
5428) combustion event (Figures 4.6 and 4.7).   
4.7.1.2 ZD 5426: Trash pit 
 Sample 5426 was taken from a trash pit containing small amounts of ceramics and 
fauna at the corner of an Ubaid house and may represent another oven cleaning pit due to 
the presence of carbonized organic materials. With the exception of the presence of 
Aegilops husks (Figure 4.5), the phytolith assemblage from this sample is similar to the 
assemblages found in ZD 5428, 5446, and 5421 in that it consists mostly of grass husks, 
leaf/stem tissues, and some sedge stems (Figure 4.6 and 4.7). These sedge stem phytoliths 
could be associated with a potential matting that was burned. The larger quantity of 
wood/bark phytoliths in this sample (80,784 phy/g sed) relative to the other trash pits 
suggests that wood may have been used a fuel source (Figure 4.6). Phytoliths make up 
only 1% of the sediment from this sample (Table 4.6). 
4.7.1.3 ZD 5422: Trash pit 
 Sample 5422 was taken from a discard pit cut into Building 79 that contained ash, 
faunal remains, chipped stone, and ceramic remains. This pit was used after the building 
was abandoned and represents a secondary deposition event. The majority of phytoliths 
recovered from this context include long cell psilate (861,696 phyt/g sed) and long cell 
echinate single cells (1,211,760 phy/g sed), and wild grass husk (314,160 phy/g sed) 
multicells. A small amount of wood/bark phytoliths were recovered from this context 
  101 
(6,048 phy/g sed). This assemblage is similar to other trash pit assemblages in that it 
contains predominantly grass inflorescence and leaf/stem phytoliths (Figures 4.6 and 
4.7). Phytoliths make up 7% of the sediment sample (Table 4.6). 
4.7.1.4 ZD 5425: Trash pit 
 Sample 5425 was taken from a trash pit filled with a hard green sediment and ash 
from the surface of room 68. This deposit appears to be the result of a trash burning event 
in which the waste was was burned at a separate location and then deposited in this 
section of the room. This context contained a wide variety of artifacts including chipped 
stone, ground stone, a baked clay ring, a ceramic disk, and abundant faunal remains. The 
phytolith assemblage is comprised mostly of echinate long cell phytoliths (440,169 phy/g 
sed), and lesser amounts of psilate long cell (201,960 phyt/g sed), and rondel short cell 
(289,994 phyt/g sed) phytoliths. The sample also contains abundant wild grass husk (71, 
808 phyt/ g sed) and long cell psilate multicells (20,944 phyt/g sed) and trace amounts of 
cereal husk (4,488 phyt/g sed) and straw multicells (2,992 phyt/g sed) (Table 4.6). 
Dendritic and papillae phytoliths, which are all characteristic of grass husks, suggest 
excellent phytolith preservation. Small amounts of cones (15,535 phyt/g sed), cylindric 
echinate long cells (5,178 phyt/g sed), and Cyperaceae B multicells (5,984 phyt/g sed) 
characteristic of Cyperaceae were also found in this sediment (Table 4.6). Tracheid 
phytoliths hint that dicotyledonous leaf materials may have been included in this burning 
event. Phytoliths only make up 3% of the sediment from this sample (Table 4.6). ZD 
5425 is similar to other ash pits in which it is primarily composed of grass materials, 
particularly inflorescences, with lesser amounts of leaf/stem tissues, and/or Cyperaceae or 
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sedge tissues (Figure 4.6 ad 4.7). However, no wood/bark phytoliths were recovered from 
this sample suggesting that grasses and leaves were the main fuel source (Table 4.6).  
4.7.1.5 ZD 5419: Ritual deposit 
Sample 5419 was taken from a root disturbed ritual deposit that was comprised of 
large amounts of pottery and animal bones. Wild grass husk multicells (267,656 phyt/g 
sed) and echinate long cells (623,616 phyt/g sed) make up the overwhelming majority of 
phytoliths recovered from this sample (Table 4.6). Small amounts of wood/bark block 
phytoliths (10,752 phyt/g sed) and mesophyll phytoliths (13,726 phyt/g sed) associated 
with basal angiosperm or eudicotyledon leaves were also recovered. (Table 4.6) The most 
interesting aspect of this sample is that it had a relatively even distribution of grass short 
cell types associated with Pooideae, Chloridoideae, and Panicoideae subfamilies. This 
contrasts with the majority of samples in this study that are dominated by Pooideae grass 
short cells (Figure 4.8) suggesting that the presence of these three subfamilies, which 
often grow in different environments, are not accidental. Phytoliths make up 9% of the 
sediment processed from this sample (Table 4.6). The wood/bark phytoliths from this 
sample probably represent contamination from the root disturbance of the context. 
4.7.1.6 ZD 8554: Infant burial 
 This sample was taken from the secondary burial pit of an infant in the internal 
courtyard of one of the houses. Remains from this context include skeletal remains, 
chipped stone, faunal remains, and ceramics. Triticum sp., Hordeum sp., and cereal husks 
were recovered along with sedge stem phytoliths (Table 4.6). The presence of wheat and 
barley in this burial suggests that these plants were at least present at Tell Zeidan. The 
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majority of single cell phytoliths recovered were echinate long cells (537,810 phyto/g 
sed) and rondel short cells (360,510 phyt/g sed) that are indicative of Pooideae husk and 
leaf tissues and psilate long cells (254,130 phyt/g sed) that are indicative of leaf/stem 
tissues (Table 4.6). Wild grass husks (94,560 phyt/g sed) were the most common 
multicell phytolith recovered. Sclereids indicate the presence of leaves from herbaceous 
or woody plants (23,640 phyt/g sed). Phytoliths only make up about 2% of sediment per 
gram suggesting that these particular plant parts were not highly concentrated (Table 4.6). 
One possible explanation for the deposition of domesticated and wild grasses together is 
that these taxa may have been attached to some of the faunal remains as part of a ritual 
offering. One example of this phenomenon can be seen at Çatalhöyük, Turkey, where 
silificed cordage of compressed cereal husks entirely surround a worked antler bone 
(Ryan, 2011). 
4.7.1.7 ZD5427: Bin  
 A clay bin was unearthed in the floor of room 92 in Operation 11 containing trace 
amounts of fauna. Echinate long cells (234,694 phyt/g sed) and wild grass husks (37,163 
phyt/g sed) dominated the phytolith assemblage. Rondel short cells (111,171 phyt/g sed) 
were in abundance indicating the presence of Pooideae taxa while abundant psilate long 
cells (86,466 phyt/g sed) indicate the presence of grass leaves. Phytoliths represent about 
8% per gram of sediment (Table 4.6). Other phytoliths recovered in small quantities 
include Triticum and Hordeum multicells, Cyperaceae multicells and single cells, 
bilobate and saddle shaped short cells, sclereids, and woody block phytoliths (Table 4.6). 
Rosen (2005) notes that at Çatalhöyük, micro-botanical remains extracted from samples 
within bin contexts were most likely secondary deposits and, therefore, did not provide 
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information about their primary use. She argues that sediment samples taken from around 
the bin would be more likely to yield information about the contents due to spill over 
(Rosen, 2005).  The phytoliths recovered from this sample were recovered from inside 
the bin and also probably represent secondary deposition representing background noise. 
4.7.1.8 ZD 5443: Floor/indoor surface  
 Sample 5443 came from the top of a plastered occupation floor within a room in 
Operation 11. Chipped stone, fauna, and ceramics were also found in this context. This 
sample is interesting because phytoliths constitute a fairly high percentage per grams of 
sediment (12%) for an indoor room (Table 4.6). However, the phytoliths per gram 
sediment are not nearly as high when compared to the outdoor surface buildup. This 
assemblage consists mostly of echinate (94,999 phyt/g sed) and psilate (52,249 phyt/g 
sed) long cells and wild grass husk (16,496 phyt/g sed) multicells (Table 4.6). 
Cyperaceae and sedge phytoliths are conspicuously absent suggesting that they were 
sweeping the floor clean and that a reed mat was not left behind in this location (Table 
4.6).  
4.7.1.9 ZD 5413: Outdoor surface  
 Sample 5413 is from an outdoor surface deposit composed of dark brown 
sediment with visible carbonized materials and flecks of calcium carbonate inclusions. 
Excavators interpreted the context as an accumulation area given the presence of a wide 
array of waste materials including chipped stone, fauna, slag, and shells along with 
unique artifacts such as baked clay disks, a stone bead, and a broken bone weaving tool. 
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This sample contained more types of phytoliths than the other surface samples 
(Table 4.6).  It also contained trace amounts of dicotylodon polyhedral multicells (794 
phyt/g sed), block (9,216 phyt/g sed), smooth spheroid (3,072 phyt/g sed), mesophyll 
(794 phyt/g sed), and platlet (3,072 phyt/g sed) phytoliths (Table 4.6), all of which can be 
found in the tissues of woody or forest plants. The diversity of phytoliths and artifacts in 
this context suggests that this is a general waste area in which the inhabitants disposed of 
materials such as wild grass husks and ceral culm crop byproducts, building materials, 
and household objects such as broken reed baskets and personal ornaments. This area 
appears to be a general disposal area of the settlement. Phytoliths only made up 4% of the 
total sediment processed from this sample (Table 4.6). 
4.7.1.10 ZD5420: General room buildup  
 Excavators described Locus 73 as general room buildup composed of an orange 
brown matrix containing a variety of discarded artifacts such as ceramics, faunal remains, 
chipped stone, shell, finished and unfinished beads, a clay animal figurine, and a baked 
clay loom weight. Phytoliths within ZD 5420 constituted 8% of the sediment (Table 4.6). 
Cyperaceae B type phytoliths are prominent in this sample (7,737 phyt/g sed) and sedge 
stem (2,380 phyt/g sed), culm (1,785 phyt/g sed), bulliform (1,785 phyt/g sed), and dicot 
polyhedron phytoliths (2,380 phyt/g sed) are also present perhaps suggesting the presence 
of materials from a collapsed roof or reed matting (Table 4.6).  
4.7.1.11 ZD 5444: Hearth  
 This hearth was an ashy depression surrounded by stones and was built on lime-
plastered floor 96 of an interior room in Operation 11. Trace amounts of fauna, pottery, 
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and chipped stone were recovered from the hearth. The density of phytolith remains 
within the sample was tremendous (28%) making it the largest percentage of phytoliths 
from any of the samples analyzed in this study (Table 4.6). Psilate long cell (1,400 phyt/g 
sed) and wild grass husk (1,400 phyt/g sed) were the most common multicells recovered 
and long cell single cells (26,115 phyt/g sed) and long cell echinate phytoliths (21,992 
phyt/g sed) were the most common single cells recovered. This assemblage has indicators 
of both grass husks and leaf tissues from eudicots and panicoid and chloridoid grasses 
(Table 4.6). When these data are combined, it is clear that there are a higher number of 
leaf/stem phytoliths than grass inflorescence phytoliths in this context (Figure 4.7). No 
phytoliths from herbaceous leaves or woody tissues were recovered from this context 
(Table 4.6). The lower concentration of grass phytolith combined with the higher 
concentration of leaf/stem phytoliths suggests that leaves and twigs, either by themselves 
or incorprated into dung, were the primary source of fuel and that the hearth was 
regularly cleaned.  
4.7.2 Operation 14 
4.7.2.1 ZD 5423, 5417, 5418- Trash pit complex 
 This feature located beneath several mudbrick walls was originally thought to be a 
single large trash pit, but was later revealed to be two separate trash pits that cut into each 
other: a slightly later northern pit (ZD 5423, 5417) cutting into an earlier southern pit (ZD 
5418). The trash pit complex is composed of an ashy fill with charcoal and calcium 
carbonate inclusions and a greenish coloration. The pit contained an extremely large 
amount of faunal remains alongside human remains from at least four individuals. The pit 
also included bitumen, obsidian and a broken obsidian blade, chipped stone, several 
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finished and unfinished bone awls, and clay artifacts including ceramics, a bead, disks, 
sling pellets, loom weights, and a female figurine.  
Culm, wild grass, psilate long cells, leaf/stem long cells, leaf/stem bilobate 
multicells, wheat and barley husks, Cyperaceae multicells, Phragmites culm, mesophyll, 
and an unidentified perforated sheet are all present in ZD 5418 from the early southern 
pit resulting in a mixed phytolith signature (Table 4.6).  Phytoliths constitute 5% per 
gram sediment (Table 4.6). Sample ZD 5417 was taken from deep inside the northern pit 
and has a slightly different signature than that of the earlier southern pit (ZD 5418). This 
sample is characterized by echinate long cells, rondel short cells, and wild grass husk 
multicells. Phytoliths comprised 16% of the sediment in this sample (Table 4.5).  
An abundance of wild grass husks (194,754 phyt/g sed), echinate long cells 
(534,456 phyt/g sed), psilate long cells (212,086 phyt/g sed), and rondel short cells 
(178,152 phyt/g sed) characterize ZD 5423. This phytolith sample was taken when the 
northern pit was first exposed and may represent some of the last material that was 
deposited. Dendritic long cells and papellae were recovered from this sample and support 
this hypothesis because these phytolith types are particularly fragile and would be less 
susceptible to taphonomic factors if they were the last to be deposited. Phytoliths 
comprised 13% of the sediment analyzed from this sample (Table 4.6). 
The presence of ash, calcium carbonate inclusions and charocal suggest that these 
two pits represent two different burning events in which trash was burned and then 
deposited on site. The earlier, southern pit contained a generalized trash alongside crop 
byproducts such as culm and husk phytoliths, and building or housing materials such as 
Cyperaceae and Phragmites phytoliths. This signature was similar to the phytolith 
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signature that was characteristic of an outdoor surface area in Operation 11 (ZD 5413). 
The later northern pit (ZD 5423 and 5417) had a slightly different signature and 
contained more crop byproducts such as husk phytoliths. The widespread presence of ash, 
calcium carbonate inclusions, and charcoal suggest that Both pits represent some form of 
waste that was burned and then deposited.  
4.8 Discussion 
The results of this study indicate that the inhabitants of Zeidan used both wild and 
domesticated grasses and as well as woody taxa. The majority of phytoliths recovered 
from the domestic contexts of Operations 11 and 14 suggest that grasses and leaf/stem 
tissues were heavily used at Zeidan during the Ubaid period. Some domesticated wheat 
(Triticum sp.), bread wheat (Triticum aestivum), and barley (Hordeum sp.) husk remains 
were also found but in very small quantities. This abundance of wild grass and leaf/stem 
phytoliths in the archaeological record may be due to their use as a source of fuel or their 
inclusion as possible temper in mudbrick construction. As the plant tissues were burned, 
these phytoliths could become airborne and deposit themselves throughout the site. 
Alternatively, grasses and leaf/stem tissues could be deposited throughout the site over 
time as mudbrick tempered with crop byproducts are continually used and reused. The 
combination of these two processes may have resulted in the formation of leaf/stem and 
wild grass background noise found throughout the site. 
Cyperaceae and sedge stem phytoliths were found in 75% of the contexts 
suggesting that the inhabitants of Tell Zeidan were exploiting nearby wetland plant 
resources possibly associated with the Balikh River (Table 4.5). Wetland plant 
exploitation is a common phenomenon throughout Southwest Asia and has been 
  109 
documented in  the Levant (Power et al., 2014), Anatolia (Rosen, 2005; Ryan, 2011), and 
the Khabur River basin of Syria (Portillo et al., 2014) both before and after the Ubaid 
period. Leaves and stems from Cyperaceae and sedges have typically been incorporating 
into mudbrick or roofing structures or used to make reed baskets or floor mats. Reed mat 
impressions were recovered from the chipped stone tool production workshop in 
Operation 18 which abuts the domestic contexts of Operations 11 and 14 at Tell Zeidan 
(Stein, 2011).  
Wood and herbaceous taxa were being burned and discarded at Tell Zeidan as can 
be seen in the oven cleaning pit and in the outdoor surface area. Phytoliths associated 
with wood/bark tissues and herbaceous leaves occur in less than half of the contexts at 
Tell Zeidan and are found in very low quantities when compared to leaf/stem and grass 
inflorescence phytoliths (Table 4.6, Figure 4.6 and 4.7). However, this discrepancy may 
be because wood/bark and herbaceous leaf taxa have lower phytolith production rates 
than other high producing taxa such as grasses. Research by Albert et al. (2003) in Israel 
has demonstrated that compared with wood and bark, grasses produce 20 times more 
phytoliths and dicotyledonous leaves produce four times more phytoliths. Given this 
discrepancy, woody and herbaceous taxa were clearly being used intensively in some 
capacity at Tell Zeidan. 
 The results of this study indicate that they are are distinct phytolith signatures 
across the domestic complex that are associated with different crop processing and food 
preparation activities. The architectural layout of Operation 11 is similar to that of other 
sites in the south and east such as Tell Abada and Tell Madhhur where a central room or 
courtyard is surrounded by several adjoining rooms (Pollock, 2010). In this case, 
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Operation 11 consists of 7 rooms opening up into a courtyard, three of which contained 
hearths that were used contemporaneously (Stein, 2011). The overwhelming quantity of 
leaf/stem and grass husk phytoliths that was mixed with ash and charcoal remains found 
in the oven cleaning and trash pits suggests that crop byproducts were being used as a 
fuel source (Figure 4.7). Conversely, the lack of phytoliths found in one of the hearths 
suggests that it was swept clean after use (Figure 4.7). The combination of a clean floor 
and hearth with several ash deposits that were composed of burned crop byproducts, 
animal bones, and a few pieces of ceramics suggests that this room may have functioned 
as a kitchen.  
4.9 Conclusions 
The results of this project have shed light on fuel sources that may have been used 
to cook foods at the Ubaid period regional center of Tell Zeidan, Syria between 5,100 and 
5,300 B.C. There is clear evidence for use of crop byproducts as a source of fuel within 
one of the houses in the wild grass husks and leaf/stem phytoliths associated with 
charcoal and ash in several trash pits. Crop-processing does not appear to have taken 
place within these structures because the floors and hearths were kept clean suggesting 
that it occurred either somewhere else in the house or off site. The recovery of Triticum 
sp. and Hordeum sp suggests that these crops were present at Tell Zeidan. The people of 
Tell Zeidan also exploited wood, herbaceous plants, and wetland taxa as a source of fuel, 
housing materials, or raw material for the construction of reed mats or baskets. There is 
also possible evidence for the inclusion of plant materials in ritualistic contexts such as 
the infant burial and the ceramic and animal bone deposit under a mudbrick wall.   
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This project provided the foundation for future archaeobotanical research into 
whether the inhabitants were organized into a vertical egalitarian (Fragipane, 2007), 
chiefdom (Stein,1994), or state level (Gibson 2010) society. Multiple lines of evidence at 
Tell Zeidan such as the chipped stone tool production workshop, the emergence of a 
specialized herding economy related to wool production (Grossman and Hinman, 2013), 
and traces of large scale public architecture (Stein, 2011) hint at social differentation 
beginning to take place at the settlement. Future analyses of the remaining phytolith 
samples from the industrial complex on the south mound of Tell Zeidan will hopefully 
add to the growing body of knowledge surrounding Ubaid period plant use and emerging 
social complexity at this exciting site. 
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Table 4.1: Plant remains recovered from Ubaid period contexts in Southern 
Mesopotamia. 
 
Taxa Common name Source 
Hordeum distichum  Two-rowed barley Neef, 1991 
H. vulgare  Six rowed barley Neef, 1991 
Triticum dicoccum Emmer wheat Neef, 1991; Renfrew, 1984 
T. monococcum  Einkorn wheat Neef, 1991; Renfrew, 1984 
Triticum boeticum  Wild einkorn Renfrew, 1984 
Phoenix dactylifera  Date palm Neef, 1991 
Tamarisk spp.  Tamarisk Neef, 1991 
Linum usitatissimum  Flax Neef, 1991 
Populus euphratica  Poplar Neef, 1991 
Cyperus rotundus  - Neef, 1991 
Scirpus maritimus Sea-club rush Neef, 1991 
Phragmites australis  Common reed Neef, 1991 
Lolium rigidum/persicum  - Neef, 1991 
Prosopis farcta  - Neef, 1991 
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Table 4.2: Contexts of samples from Operations 11 and 14 examined. See Appendix 3 for 
more details of contexts. 
Zeidan # Operation Locus Lot Deposit type 
5413 11 51 70 Outdoor surface buildup 
5420 11 73 114 General room buildup 
5421 11 76 102 Oven cleaning pit 
5425 11 78 128 Trash pit 
5419 11 80 103 Ritual deposit 
5422 11 87 119 Trash pit 
5426 11 91 127 Trash pit 
5427 11 93 128 Bin 
8554 11 95 139 Infant burial 
5428 11 97 135 Oven cleaning pit 
5446 11 97 149 Oven cleaning pit 
5443 11 105 153 Floor/indoor surface 
5444 11 106 154 Hearth 
5423 14 6 15 Trash pit 
5417 14 6 55 Trash pit 
5418 14 6 59 Trash pit 
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Table 4.3: Single cell phytolith types recovered from 16 sediment samples. X = not 
diagnostic. LC = Long cell. Infl. = inflorescence. 
 Diagnostic level 
Phytolith type 
Associated 
vegetation 
type Clade Family Subfamily Plant part 
LC (Smooth) Grass Monocot Poaceae X Leaf/stem 
LC (Echinate) Grass Monocot Poaceae X Husk 
LC (Sinuate) Grass Monocot Poaceae X Husk 
Cylindric smooth 
long cell Wetland Monocot Cyperaceae X X 
Cylindric echinate 
Long cell Wetland Monocot Cyperaceae X X 
Long cell 
(Dendritic) Grass Monocot Poaceae X Husk 
Papillae Grass Monocot Poaceae X Husk 
Stoma X X X X Leaf/stem tissues 
Hairs X Eudicot X X 
Leaf epidermis, 
fruit or seed  
Trichomes X Eudicot X X 
Leaf epidermis, 
fruit or seed  
Bulliform Grass Monocot Poaceae X Leaf epidermis 
Point Bulliform Grass Monocot Poaceae X Leaf epidermis 
Keystone 
Bulliform Grass Monocot Poaceae X Leaf epidermis 
Crenates Grass Monocot Poaceae Panicoideae 
Leaf and leaf 
derived tissues 
1/2 bilobate short 
cell Grass Monocot Poaceae Panicoideae 
Leaf and leaf 
derived tissues 
Bilobate short cell Grass Monocot Poaceae Panicoideae 
Leaf and leaf 
derived tissues 
Rondel short cell Grass Monocot Poaceae Pooideae 
Leaf and leaf 
derived tissues 
Saddle short cell Grass Monocot Poaceae Chloridoideae 
Leaf and leaf 
derived tissues 
Cones Wetland Monocot Cyperaceae X Achene 
Cross short cell Grass Monocot Poaceae Panicoideae 
Leaf and leaf 
derived tissues 
Smooth Spheroid 
Arboreal 
vegetation X X X 
branches, twigs, 
and fruits 
Tracheids X Dicot X X Leaves 
Sclereid 
Woody 
vegetation X X X Leaf tissues 
Platelet 
Woody 
herbaceous Dicot X X Leaves 
Blocks 
Woody 
herbaceous X X X wood/bark 
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Table 4.4: Multicell phytolith types recovered from 16 sediment samples. X = not 
diagnostic. Infl. = inflorescence. 
Phytolith type Associated 
vegetation 
Clade Family Subfamily Genus and  
species 
Plant 
tissue 
Leaf/stem X X X X X Leaf/ 
stem  
Long cell silate Grass Monocot Poaceae X X Leaf/ 
stem 
Long cell sinuate Grass Monocot Poaceae X X Husk 
Long cell 
Echinate 
Grass Monocot Poaceae X X Husk 
Leaf/stem  
Stomata 
X X X X X Leaf  
Leaf/stem cross Grass Monocot Poaceae Panicoideae X Leaf  
Leaf/stem bilobe Grass Monocot Poaceae Panicoideae X Leaf  
Square cell  
leaf/stem 
Woody  
herbaceous 
Dicot X X X Leaf  
cf. cereal Grass Monocot Poaceae X X Husk 
Wheat Grass Monocot Poaceae Pooideae Triticum Husk 
Barley Grass Monocot Poaceae Pooideae Hordeum Husk 
Aegilops Grass Monocot Poaceae Pooideae Aegilops Husk 
Wild grass Grass Monocot Poaceae X X Husk 
Wild grass/T.  
aestivum 
Grass Monocot Poaceae Pooideae cf. T. 
aestivum 
Husk 
Stem cf. sedge Wetland Monocot Cyperaceae X X Stem 
Phragmites Wetland Monocot Poaceae X X Culm 
Cereal Grass Monocot Poaceae X X Culm 
Culm Grass Monocot Poaceae X X Culm 
Bulliform Grass Monocot Poaceae X X Leaf  
Point bulliform Grass Monocot Poaceae X X Leaf 
Keystone 
bulliform 
Grass Monocot Poaceae X X Leaf 
Awn Grass Monocot Poaceae X X Infl. 
Cyperaceae B Wetland Monocot Cyperaceae X X X 
Cyperaceae C Wetland Monocot Cyperaceae X X X 
Dicot 
polyhedron 
Woody 
herbaceous  
Dicot X X X Leaf 
Polyhedral hair  
base 
Woody 
herbaceous  
Dicot X X X Leaf 
Mesophyll Woody 
herbaceous  
Eudicot 
or basal  
angiosperm 
X X X X 
Perforated sheet X Eudicot Asteraceae X X Infl. 
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Table 4.5. Ubiquity of each phytolith type at Tell Zeidan (n = 16) 
 
SINGLE-CELL (%) MULTI-CELL (%) 
Long (Smooth) 100 Leaf/Stem 100 
Long (Echinate) 100 LS Psilate 100 
Long (Sinuate) 81.25 LS Sinuate 37.5 
Cylindric smooth LC 31.25 LS Echinate 25 
Cylindric echinate LC 75 Leaf/Stem stomata 37.5 
Long (Dendritic) 62.5 Leaf/stem cross 6.25 
Papillae 81.25 Leaf/Stem bilobate 18.75 
Stoma 12.5 Square-cell leaf/stem 18.75 
Hairs 93.75 cf Cereal husk 37.5 
Trichomes 87.5 Wheat Husk 50 
Bulliform 81.25 Barley Husk 25 
Point Bulliform 31.25 Aegilops 31.25 
Keystone Bulliform 87.5 Wild Grass Husk: 93.75 
Crenates 87.5 Wild grass/T. aestivum husk 31.25 
Polylobes 37.5 Stem cf. sedge 37.5 
1/2 bilobe 37.5 Phragmites culm 31.25 
Bilobes 100 Cereal culm 31.25 
Rondels 100 Culm 25 
Saddles 81.25 Cereal Straw 12.5 
Cones 37.5 Bulliform 81.25 
Cross 50 Keystone Bulliform 31.25 
Rugulose Spheroid 6.25 Awn (aggregation of papillae) 12.5 
Smooth Spheroid 6.25 Cyperaceae B 56.25 
Dicot Elongate 6.25 Cyperaceae C 18.75 
Tracheids 56.25 Dicot Polyhedron 25 
Sclereid 37.5 Polyhedral hair base 6.25 
Platlet 12.5 Mesophyll 37.5 
Blocks 43.75 Perforated sheet 12.5 
   Unknown MC 12.5 
    Indet Multi 6.25 
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Table 4.6. Raw counts (n) of phytoliths from each of the 16 samples from Operations 11 and 14 from Tell Zeidan. Phytolith 
abundances are also expressed as a percentage of the total sediment processes per sample, phytoliths per slide (n/slide), and phytoliths 
per gram of sediment (n/g). LC = long cell. SC = short cell. MC = multicell. 
Context (ZD#) 5443     5446     5444     5423     
% phyto / gram  12 
 
  17     28 
  
13     
SINGLE-CELL n n/slide n/gm n n/slide n/gm n n/slide n/gm n n/slide n/gm 
Long (Smooth) 66 435 52249 56 6593 1120808 38 93 26115 50 1631 212086 
Long (Echinate) 120 792 94999 119 14010 2381718 32 79 21992 126 4111 534456 
Long (Sinuate) 3 20 2375 1 118 20014 3 7 2062 6 196 25450 
Cylindric smooth LC 1 7 792 0 0 0 0 0 0 0 0 0 
Cylindric echinate LC 3 20 2375 1 118 0 0 0 0 1 33 4242 
Long (Dendritic) 8 53 6333 13 1531 260188 1 2 687 19 620 80593 
Papillae 3 20 2375 16 1884 320231 0 0 0 24 783 101801 
Hairs 2 13 1583 3 353 60043 1 2 687 2 65 8483 
Trichomes 2 13 1583 1 118 20014 1 2 687 1 33 4242 
Bulliform 4 26 3167 3 353 60043 0 0 0 3 98 12725 
Point Bulliform 0 0 0 0 0 0 0 0 0 0 0 0 
Keystone Bulliform 0 0 0 3 353 60043 1 2 687 5 163 21209 
Crenates 20 132 15833 0 0 0 5 12 3436 5 163 21209 
Polylobes 0 0 0 0 0 0 0 0 0 0 0 0 
1/2 bilobe 0 0 0 1 118 20014 0 0 0 0 0 0 
Bilobes 6 40 4750 14 1648 0 1 2 687 8 261 33934 
Rondels 41 270 32458 55 6475 1100794 14 34 9621 42 1370 178152 
Saddles 19 125 15041 9 1060 180130 1 2 687 6 196 25450 
Cones 0 0 0 0 0 0 0 0 0 0 0 0 
Cross sc 0 0 0 0 0 0 0 0 0 0 0 0 
Smooth Spheroid 0 0 0 1 118 20014 0 0 0 0 0 0 
Tracheids 0 0 0 2 235 40029 0 0 0 0 0 0 
Sclereid 0 0 0 1 118 20014 0 0 0 0 0 0 
Platlet 0 0 0 0 0 0 0 0 0 0 0 0 
Blocks 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 4.6: Cont. 
Context (ZD#) 5418     5417     8554     5413     
% phyto / gram  5 
  
16     2 
 
  4     
SINGLE-CELL n n/slide n/gm n n/slide n/gm n n/slide n/gm n n/slide n/gm 
Long (Smooth) 77 4454 222723 52 379 60712 43 12707 254130 36 2765 110592 
Long (Echinate) 105 6074 303713 145 1058 169293 91 26891 537810 76 5837 233472 
Long (Sinuate) 6 347 17355 3 22 3503 0 0 0 7 538 21504 
Cylindric smooth LC 0 0 0 0 0 0 0 0 0 3 230 9216 
Cylindric echinate LC 0 0 0 2 15 2335 2 591 11820 2 154 6144 
Long (Dendritic) 0 0 0 0 0 0 6 1773 35460 11 845 33792 
Papillae 27 1562 78098 16 117 18681 19 5615 112290 15 1152 46080 
Hairs 2 116 5785 0 0 0 1 296 5910 4 307 12288 
Trichomes 2 116 5785 0 0 0 4 1182 23640 7 538 21504 
Bulliform 7 405 20248 5 36 5838 5 1478 29550 11 845 33792 
Point Bulliform 1 58 2893 0 0 0 3 887 17730 1 77 3072 
Keystone Bulliform 1 58 2893 1 7 1168 8 2364 47280 4 307 12288 
Crenates 9 521 26033 7 51 8173 15 4433 88650 9 691 27648 
Polylobes 0 0 0 0 0 0 0 0 0 3 230 9216 
1/2 bilobe 0 0 0 0 0 0 0 0 0 0 0 0 
Bilobes 4 231 11570 3 22 3503 14 4137 82740 9 691 27648 
Rondels 41 2372 118593 54 394 63047 61 18026 360510 59 4531 181248 
Saddles 7 405 20248 3 22 3503 13 3842 76830 19 1459 58368 
Cones 0 0 0 0 0 0 2 591 11820 4 307 12288 
Cross sc 0 0 0 0 0 0 6 1773 35460 6 461 18432 
Smooth Spheroid 0 0 0 0 0 0 0 0 0 1 77 3072 
Tracheids 1 58 2893 1 7 1168 1 296 5910 1 77 3072 
Sclereid 1 58 2893 2 15 2335 4 1182 23640 0 0 0 
Platlet 0 0 0 0 0 0 0 0 0 1 77 3072 
Blocks 0 0 0 0 0 0 0 0 0 3 230 9216 
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Table 4.6: Cont. 
 
Context (ZD#) 5422     5420     5421     5428     
% phyto / gram  7 
 
  8     4 
  
8     
SINGLE-CELL n n/slide n/gm n n/slide n/gm n n/slide n/gm n n/slide n/gm 
Long (Smooth) 77 846 59186 81 794 63504 40 1642 65686 53 6399 511924 
Long (Echinate) 99 1087 76097 91 892 71344 113 4639 185562 110 13281 1062484 
Long (Sinuate) 3 33 2306 2 20 1568 3 123 4926 2 241 19318 
Cylindric smooth LC 0 0 0 2 20 1568 1 41 1642 0 0 0 
Cylindric echinate LC 3 33 2306 0 0 0 4 164 6569 5 604 48295 
Long (Dendritic) 0 0 0 7 69 5488 0 0 0 0 0 0 
Papillae 4 44 3075 4 39 3136 11 452 18064 7 845 67613 
Hairs 2 22 1537 2 20 1568 2 82 3284 3 362 28977 
Trichomes 1 11 769 7 69 5488 5 205 8211 0 0 0 
Bulliform 12 132 9224 7 69 5488 9 369 14779 2 241 19318 
Point Bulliform 0 0 0 1 10 784 0 0 0 0 0 0 
Keystone Bulliform 2 22 1537 3 29 2352 4 164 6569 3 362 28977 
Crenates 8 88 6149 17 167 13328 7 287 11495 6 724 57954 
Polylobes 1 11 769 0 0 0 1 41 1642 0 0 0 
1/2 bilobe 1 11 769 0 0 0 0 0 0 1 121 9659 
Bilobes 9 99 6918 12 118 9408 4 164 6569 9 1087 86931 
Rondels 47 516 36127 50 490 39200 60 2463 98529 65 7848 627832 
Saddles 19 209 14604 5 49 3920 18 739 29559 5 604 48295 
Cones 2 22 1537 1 10 784 0 0 0 0 0 0 
Cross sc 3 33 2306 4 39 3136 5 205 8211 0 0 0 
Smooth Spheroid 0 0 0 0 0 0 0 0 0 0 0 0 
Tracheids 0 0 0 2 20 1568 0 0 0 2 241 19318 
Sclereid 0 0 0 0 0 0 0 0 0 3 362 28977 
Platlet 0 0 0 1 10 784 0 0 0 0 0 0 
Blocks 3 33 2306 0 0 0 6 246 9853 1 121 9659 
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Table 4.6: Cont. 
 
Context (ZD#) 5427     5426     5419     5425     
% phyto / gram  1 
  
9     7 
  
3     
SINGLE-CELL n n/slide n/gm n n/slide n/gm n n/slide n/gm n n/slide n/gm 
Long (Smooth) 49 8647 86466 64 9574 861696 50 3840 268800 39 6732 201960 
Long (Echinate) 133 23469 234694 90 13464 1211760 116 8909 623616 85 14672 440169 
Long (Sinuate) 3 529 5294 0 0 0 0 0 0 1 173 5178 
Cylindric smooth LC 0 0 0 0 0 0 1 77 5376 0 0 0 
Cylindric echinate LC 2 353 3529 0 0 0 5 384 26880 1 173 5178 
Long (Dendritic) 0 0 0 10 1496 134640 3 230 16128 12 2071 62142 
Papillae 7 1235 12352 20 2992 269280 19 1459 102144 13 2244 67320 
Hairs 1 176 1765 2 299 26928 2 154 10752 5 863 25892 
Trichomes 1 176 1765 2 299 26928 3 230 16128 1 173 5178 
Bulliform 8 1412 14117 7 1047 94248 11 845 59136 6 1036 31071 
Point Bulliform 0 0 0 0 0 0 0 0 0 0 0 0 
Keystone Bulliform 3 529 5294 5 748 67320 0 0 0 2 345 10357 
Crenates 7 1235 12352 4 598 53856 8 614 43008 4 690 20714 
Polylobes 0 0 0 0 0 0 0 0 0 2 345 10357 
1/2 bilobe 1 176 1765 0 0 0 1 77 5376 1 173 5178 
Bilobes 3 529 5294 10 1496 134640 11 845 59136 11 1899 56963 
Rondels 63 11117 111171 40 5984 538560 32 2458 172032 56 9666 289994 
Saddles 6 1059 10588 0 0 0 24 1843 129024 29 5006 150175 
Cones 0 0 0 3 449 40392 0 0 0 3 518 15535 
Cross sc 0 0 0 4 598 53856 9 691 48384 15 2589 77677 
Smooth Spheroid 0 0 0 0 0 0 0 0 0 0 0 0 
Tracheids 0 0 0 1 150 13464 0 0 0 4 690 20714 
Sclereid 2 353 3529 1 150 13464 0 0 0 0 0 0 
Platlet 0 0 0 0 0 0 0 0 0 0 0 0 
Blocks 1 176 1765 5 748 67320 2 154 10752 0 0 0 
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Table 4.6: Cont. with multicell phytoliths. 
Context (ZD#) 5443     5446     5444     5423     
MULTI-CELL n n/slide 0 n n/slide n/gm n n/slide n/gm n n/slide n/gm 
Leaf/Stem 6 15 1833 5 601 102179 2 5 560 1 25 3193 
LS Psilate 10 25 3055 10 1202 204358 5 13 1400 14 344 44698 
LS Sinuate 0 0 0 1 120 20436 0 0 0 3 74 9578 
LS Echinate 1 3 305 1 120 20436 0 0 0 0 0 0 
Leaf/Stem stomata 0 0 0 2 240 40872 0 0 0 0 0 0 
cf Cereal husk 0 0 0 2 240 40872 0 0 0 0 0 0 
Wheat Husk 0 0 0 7 841 143051 0 0 0 0 0 0 
Barley Husk 0 0 0 0 0 0 0 0 0 6 147 19156 
Wild Grass Husk 54 137 16496 40 4808 817432 5 13 1400 61 1498 194754 
Wild grass/T. aestivum 
husk 0 0 0 15 1803 306537 0 0 0 5 123 15963 
Stem cf sedge 0 0 0 8 962 163486 0 0 0 3 74 9578 
Phragmites culm 0 0 0 1 120 20436 0 0 0 0 0 0 
Cereal culm 0 0 0 1 120 20436 0 0 0 4 98 12771 
Culm 0 0 0 0 0 0 0 0 0 0 0 0 
Cereal Straw 0 0 0 0 0 0 0 0 0 0 0 0 
Bulliform 2 5 611 3 361 61307 0 0 0 1 25 3193 
Point Bulliform 0 0 0 0 0 0 0 0 0 0 0 0 
Keystone Bulliform 2 5 611 1 120 20436 0 0 0 0 0 0 
Cyperaceae B 0 0 0 1 120 20436 0 0 0 0 0 0 
Cyperaceae C 0 0 0 1 120 20436 0 0 0 0 0 0 
Dicot Polyhedron 0 0 0 0 0 0 0 0 0 0 0 0 
Polyhedral hair base 0 0 0 0 0 0 0 0 0 0 0 0 
Mesophyll 0 0 0 0 0 0 0 0 0 1 25 3193 
Perforated sheet 0 0 0 0 0 0 0 0 0 0 0 0 
Unknown MC 0 0 0 1 120 20436 0 0 0 0 0 0 
Indet Multi 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 4.6: Cont. with multicell phytoliths. 
Context (ZD#) 5418     5417     8554     5413     
MULTI-CELL n n/slide 
n per 
gm n n/slide n/gm n n/slide n/gm n n/slide n/gm 
Leaf/Stem 5 1286 64278 4 28 4443 3 263 5253 7 139 5561 
LS Psilate 9 2314 115700 16 111 17772 8 700 14009 8 159 6356 
Leaf/Stem stomata 0 0 0 0 0 0 0 0 0 1 20 794 
Rondels 1 257 12856 1 7 1111 0 0 0 0 0 0 
Square cell leaf/stem 0 0 0 0 0 0 1 88 1751 0 0 0 
cf Cereal husk 0 0 0 0 0 0 2 175 3502 12 238 9534 
Wheat Husk 5 1286 64278 3 21 3332 10 876 17511 1 20 794 
Barley Husk 2 514 25711 1 7 1111 1 88 1751 0 0 0 
Aegilops 0 0 0 0 0 0 0 0 0 1 20 794 
Wild Grass Husk 58 14912 745622 69 479 76642 54 4728 94560 53 1053 42108 
Wild grass/T. aestivum husk 8 2057 102844 0 0 0 0 0 0 0 0 0 
Stem cf sedge 0 0 0 0 0 0 7 613 12258 2 40 1589 
Phragmites culm 2 514 25711 1 7 1111 0 0 0 0 0 0 
Cereal culm 0 0 0 0 0 0 0 0 0 3 60 2383 
Culm 8 2057 102844 3 21 3332 0 0 0 0 0 0 
Bulliform 0 0 0 0 0 0 9 788 15760 4 79 3178 
Keystone Bulliform 0 0 0 0 0 0 0 0 0 1 20 794 
Awn (aggregation of 
papillae) 0 0 0 0 0 0 1 88 1751 0 0 0 
Cyperaceae B 1 257 12856 0 0 0 3 263 5253 0 0 0 
Cyperaceae C 0 0 0 0 0 0 0 0 0 0 0 0 
Dicot Polyhedron 0 0 0 1 7 1111 0 0 0 1 20 794 
Polyhedral hair base 0 0 0 0 0 0 0 0 0 1 20 794 
Mesophyll 1 257 12856 0 0 0 0 0 0 1 20 794 
Perforated sheet 1 257 12856 0 0 0 0 0 0 0 0 0 
Unknown MC 0 0 0 0 0 0 0 0 0 0 0 0 
Indet Multicell 0 0 0 0 0 0 0 0 0 4 79 3178 
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Table 4.6: Cont with multicell phytoliths. 
Context (ZD#) 5422     5420     5421     5428     
MULTI-CELL n n/slide n/gm n n/slide 
n per 
gm n n/slide 
n per 
gm n n/slide 
n per 
gm 
Leaf/Stem 2 53 3742 15 112 8927 12 287 11495 6 724 57954 
LS Psilate 23 615 43031 23 171 13688 18 431 17243 11 1328 106248 
LS Sinuate 1 27 1871 0 0 0 3 72 2874 0 0 0 
LS Echinate 0 0 0 0 0 0 1 24 958 0 0 0 
Leaf/Stem stomata 0 0 0 0 0 0 1 24 958 1 121 9659 
cf Cereal husk 0 0 0 0 0 0 6 144 5748 0 0 0 
Wheat Husk 0 0 0 1 7 595 0 0 0 12 1449 115907 
Aegilops 0 0 0 0 0 0 0 0 0 3 362 28977 
Wild Grass Husk 36 962 67353 0 0 0 58 1389 55559 57 6882 550560 
Stem cf sedge 0 0 0 4 30 2380 0 0 0 0 0 0 
Cereal culm 0 0 0 0 0 0 0 0 0 5 604 48295 
Culm 1 27 1871 3 22 1785 0 0 0 0 0 0 
Cereal Straw 0 0 0 0 0 0 1 24 958 0 0 0 
Bulliform 10 267 18709 3 22 1785 2 48 1916 1 121 9659 
Point Bulliform 0 0 0 0 0 0 0 0 0 0 0 0 
Keystone Bulliform 0 0 0 1 7 595 0 0 0 0 0 0 
Awn (aggregation of 
papillae) 0 0 0 0 0 0 1 24 958 0 0 0 
Cyperaceae B 3 80 0 13 97 7737 1 24 958 4 483 38636 
Cyperaceae C 0 0 0 1 7 595 0 0 0 0 0 0 
Dicot Polyhedron 0 0 0 4 30 2380 0 0 0 2 241 19318 
Polyhedral hair base 0 0 0 0 0 0 0 0 0 0 0 0 
Mesophyll 2 53 3742 1 7 595 0 0 0 0 0 0 
Perforated sheet 0 0 0 0 0 0 0 0 0 0 0 0 
Unknown MC 0 0 0 3 22 1785 0 0 0 0 0 0 
Indet Multi 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 4.6: Cont. with multicell phytoliths. 
Context (ZD#) 5427     5426     5419     5425     
MULTI-CELL n n/slide 
n per 
gm n n/slide 
n per 
gm n n/slide 
n per 
gm n n/slide 
n per 
gm 
Leaf/Stem 1 46 459 3 187 16830 5 245 17157 11 549 16456 
LS Psilate 10 459 4588 7 436 39270 11 539 37746 14 698 20944 
LS Sinuate 0 0 0 1 62 5610 0 0 0 1 50 1496 
LS Echinate 0 0 0 2 125 11220 0 0 0 0 0 0 
Leaf/Stem stomata 1 46 459 0 0 0 0 0 0 1 50 1496 
Leaf/stem cross 0 0 0 1 62 5610 0 0 0 0 0 0 
Rondels 0 0 0 0 0 0 0 0 0 1 50 1496 
Square cell leaf/stem 0 0 0 2 125 11220 0 0 0 1 50 1496 
cf Cereal husk 0 0 0 7 436 39270 0 0 0 3 150 4488 
Wheat Husk 1 46 459 0 0 0 0 0 0 0 0 0 
Aegilops 1 46 459 6 374 33660 2 98 6863 0 0 0 
Wild Grass Husk 81 3716 37163 56 3491 314160 78 3824 267656 48 2394 71808 
Wild grass/T. aestivum 
husk 0 0 0 2 125 11220 0 0 0 1 50 1496 
Stem cf sedge 0 0 0 4 249 22440 0 0 0 0 0 0 
Phragmites culm 0 0 0 3 187 16830 2 98 6863 0 0 0 
Cereal culm 0 0 0 1 62 5610 0 0 0 0 0 0 
Culm 0 0 0 0 0 0 0 0 0 0 0 0 
Cereal Straw 0 0 0 0 0 0 0 0 0 2 100 2992 
Bulliform 3 138 1376 2 125 11220 2 98 6863 5 249 7480 
Point Bulliform 0 0 0 0 0 0 0 0 0 0 0 0 
Keystone Bulliform 0 0 0 0 0 0 0 0 0 1 50 1496 
Cyperaceae B 1 46 459 3 187 16830 0 0 0 4 199 5984 
Cyperaceae C 0 0 0 2 125 11220 0 0 0 0 0 0 
Mesophyll 0 0 0 0 0 0 4 196 13726 0 0 0 
Perforated sheet 0 0 0 0 0 0 0 0 0 3 150 4488 
Unknown MC 0 0 0 0 0 0 0 0 0 2   0 
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Figure 4.1: Location of Tell Zeidan, Syria (Stein, 2009: 126). 
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Figure 4.2: Topographic map of 2010 Excavations at Tell Zeidan, Syria (Stein, 2011:124) 
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Figure 4.3: Photomosaic and top plan of Operations 14 (left) and 11 (right) from the 
northeast corner of Tell Zeidan (Stein 2011: 126).  
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Figure 4.4: Schematic representation of the major stages of crop processing showing 
phytolith byproducts for each stage (Lancelotti and Madella, 2012: 955)  
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Figure 4.5: A) culm; B) Triticum aestivum (low confidence)/ wild grass husk;  C) 
echinate long cell; D) psilate long cell phytoliths, and E) Aegilops husk from ZD 5446 
(oven cleaning pit) at 400× magnification. Scale bar equals 20m. 
A 
B 
D 
C 
E 
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Figure 4.6 Raw count of wood/bark and herbaceous type phytoliths. 
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Figure 4.7: Number of phytoliths per gram sediment of leaf/stem, inflorescence, and 
other tissues. 
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Figure 4.8: Relative abundance of Poodeae, Chloridoideae, and Panicoideae short cell 
phytoliths. 
Op 11 Op 14 
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Chapter Five: Pilot Study of Dental Calculus Sample from the Halaf, Ubaid, and 
Late Chalcolithic 2 periods at Tell Zeidan, Syria 
5.1. Introduction 
Recent advances in archaeological science have opened up new ways to 
understand and reconstruct ancient diet. Analysis of dental calculus, plaque that preserves 
on teeth, is a veritable treasure trove of dietary information because it preserves remains 
such as bacterial DNA (Preus et al., 2011), stable isotope signatures (Scott and Poulson, 
2012), and plant microfossils (Henry and Piperno, 2008; Preus et al., 2011), that can be 
used to understand human or animal diet from multiple perspectives. This study examines 
the plant microfossil contents of six dental calculus samples from four individuals from 
the Halaf/Ubaid transition, Ubaid, and Late Chalcolithic 2 periods from the Ubaid period 
(6th millennium BP) regional center of Tell Zeidan in northern Syria. This paper also 
sheds light on the complexities of dental calculus analysis and some of the problems 
associated with the inherent assumption that calculus inclusions are always associated 
with diet and/or medicine. 
 Dental calculus is mineralized plaque that forms over time on the surface of tooth 
enamel above (supragingival) and below (subgingival) the gum line. During mastication, 
calcium phosphate present within saliva precipitates and develops into a calculus coating 
trapping bacteria and other particles directly on the tooth’s surface, providing a time-
averaged record of the individual’s diet (Jin and Yip, 2002; Lieverse, 1999). 
Supragingival and subgingival calculus formation rates vary between individuals with 
formation usually stopping after several months once they have reached their maximum 
size (Dumitrescu and Kawamura, 2010). Calculus does not represent a lifetime of dietary 
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practices because it can break down and reform, and instead, reflects more recent activity 
thereby limiting archaeological observations to a several month window. 
Prior to the discovery and use of dental calculus, the majority of direct analysis of 
diet was inferred from dentition and dental isotopes and focused on analyzing tooth 
morphology, overall tooth wear patterns, stable isotope analysis of tooth enamel, and 
dental microwear patterns associated with phytoliths. In the late 1990s, Fox et al. (1996) 
and Nelson (1997) expanded this list to include examining the contents of dental calculus 
adhering to the teeth by developing and testing methods for processing dental calculus. 
Their successful extraction of phytoliths from dental calculus laid the groundwork for 
future studies that would apply this technique to archaeological, paleontological, and 
modern contexts. 
5.1.1 Dental calculus applications 
 Dental calculus is a useful resource for archaeologists because it traps debris 
placed in the mouth within a durable calcium phosphate matrix. Items present within 
dental calculus include elements such as calcium, phosphorous, magnesium, sodium, 
zinc, strontium, bromine, copper, manganese, tungsten, gold, aluminum, silicon, iron, and 
fluorine; carbon dioxide, protein-polysaccharide complexes, desquamated epithelial cells, 
leukocytes, and various microorganisms, salivary proteins, amino acids, lipids, and plant 
microfossils (Dumitrescu and Kawamura, 2010). Dental calculus studies have been used 
to recover bacterial DNA (Preus et al., 2011), isotope signatures (Poulson et al., 2013; 
Scott and Poulson, 2012), and plant microfossils from human and non-human animal 
teeth (Hardy et al., 2009; Henry, 2012; Henry et al., 2011; Henry and Piperno, 2008).  
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The analysis of human dental calculus has been applied to projects all over the 
world, including East Asia (Li et al., 2010), North America (Blatt et al., 2010), Central 
America and the Caribbean (Cummings and Magennis, 1997; Mickleburgh and Pagán-
Jiménez, 2012), South America (Boyadjian et al., 2007; Piperno and Dillehay, 2008; 
Wesolowski et al., 2010), Europe (Charlier et al., 2010; Hardy et al., 2009; Juan-
Tresserras et al., 1997), Southwest Asia (Charlier et al., 2010; Hardy et al., 2009; Henry 
et al., 2011; Henry and Piperno, 2008), and Africa (Henry et al., 2012).   
 Dental calculus studies focusing specifically on phytolith and starch grain 
analyses have been used to study the diet of humans and animals from both 
archaeological and paleontological contexts and hold potential for use in modern primate 
studies (Henry, 2012). The potential for exploring hominin and ancient primate diet was 
first recognized with the discovery of phytoliths on the enamel surface of 
Gigantopithecus blacki teeth originally recovered from Liucheng Cave, China, and from 
apothecaries throughout Southeast Asia (Ciochon et al., 1990). Subsequently, this 
approach has been used to reconstruct the diet of some of our most important 
evolutionary relatives including Sivapithecus (Hershkovitz et al., 1997), Australopithecus 
sediba (Henry et al., 2012), and Homo neanderthalensis (Henry et al., 2011). Dental 
calculus recovered from the extinct mastadon (Mammut americanum) (Gobetz and 
Bozarth, 2001) also demonstrate the potential for exploring the diet of extinct fauna that 
lived alongside humans and may have played an important role in our survival and 
evolution. 
The analysis of more recent animal dental calculus also holds great potential 
(Armitage, 1975; Bozarth and Hofman, 1998; Middleton, 1990). For example, Middleton 
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and Rovner (1994) used phytoliths recovered from the calculus of cow, pig, and 
sheep/goat specimens to understand livestock management practices and ecological 
change in Hampton, Virginia during the 18th and 19th centuries. Analysis of dental 
calculus remains in tandem with zooarchaeology will undoubtedly provide a whole new 
avenue of research regarding animals and their relationships to humans.  
5.2 Excavations at Tell Zeidan, Syria 
 Tell Zeidan is located 5km east of the modern city of Raqqa, Syria (Figure 5.1) 
near the confluence of the Balikh and Euphrates rivers. The site was excavated by 
Professor Gil Stein of the University of Chicago and Annas al-Khabour of the Raqqa 
Museum, Syria in 2008 and Stein and Muhammad Sarhan of the Raqqa Museum in 2009 
and 2010 (Stein, 2011; 2010; 2009). These excavations revealed a 12.5 ha site consisting 
of a three-mound settlement (Figure 5.2) that was continuously occupied from the Halaf 
through the Ubaid, Late Chalcolithic 1 (LC 1), and Late Chalcolithic 2 (LC 2) periods 
with calibrated AMS dates spanning 5800 B.C. to 3800 B.C.(Stein, 2011).  The site was 
also briefly occupied during the Early Bronze Age from about 3000 to 2800 B.C. (Stein, 
2011). Tell Zeidan functioned as a large, regional trade center during the Ubaid period 
serving the Anatolian highlands, areas west towards the Mediterranean coast, and south 
towards the Mesopotamian heartland. The settlement was as large as the classic Ubaid 
period settlements in southern Mesopotamia such as Eridu, and contained several 
potential indicators of emerging social stratification such as large public buildings, 
specialization of craft production and potential specialized herding associated with 
emerging wool and textile production. 
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5.2.1 Archaeological Context of Dental Calculus Samples  
Six samples were taken from four individuals from Tell Zeidan (Table 5.1) to test 
for the feasibility of recovering plant microfossils from archaeological human calculus. 
These individuals were chosen because they came from three different time periods 
representing a cross-section of potential microfossil recovery. Supergingival and 
subgingival samples were chosen to see whether microfossils could be recovered from 
above and below the gumline. 
The calculus from the Halaf/Ubaid transition (Zeidan #8844) was taken from an 
incisor of an individual buried on the southern mound (Op.1) in a tightly flexed position 
in association with chipped stone, fauna, a stone hematite mace head, and ceramics 
(Figure 5.3a). One Ubaid period calculus sample (Zeidan #8846) was recovered from an 
isolated molar from a secondary ash filled trash pit on the northern mound (Op. 14) that 
contained charcoal, calcium carbonate inclusions, large potsherds, and large amounts of 
animal bones and human remains including two human crania (Figure 5.3b). Two 
samples (Zeidan #s 8838, 8840) were taken from above and below the gum line of a 
cusped (Figure 5.3c&d) recovered from the area E “cemetery” on the south mound (OP. 
15) dating to the Late Chalcolithic 2 period while an additional sample (Zeidan #8848) 
was taken from a premolar (Figure 5.3e) of the same individual. This individual was fully 
articulated in an extended position alongside ceramics, fauna, chipped stone, and a baked 
sealing clay shaped like a cornucopia. Finally, a sample (Zeidan #8560) was taken from 
the molar of an inhumed infant skeleton on the southern side of the site (Op. 6) (Figure 
5.3f). This sample was taken to assess the likelihood of recovering plant microfossils 
from infant calculus due to assumed differences in diet between adults and infants.  This 
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burial dates to the LC2 period and was found alongside two infant jar burials and five 
secondary adult burials. The only artifacts recovered from this context were three stone 
labrets or lip plugs (Stein, 2010). 
5.3 Methods 
5.3.1 Collection of Dental Calculus in the Field 
A sampling strategy for removing dental calculus from teeth was devised based 
on established literature when burials were encountered in the field during the 2010 field 
season (Henry and Piperno, 2008). Efforts to mitigate possible contamination were made 
in the absence of a sterile laboratory by using powder-free nitrile gloves and presterilized 
vials and sampling equipment. Excavated human remains were excavated and brought 
directly to the dig house for sampling, and were not cleaned or washed prior to sampling. 
All researchers washed their hands thoroughly using soap and bottled water prior to 
calculus collection.  The dental calculus working area in the excavation house was 
cleaned with bottled water, soap and clean paper towels. A metal pot, pick, tweezers, 
vials, and 1 ml vials were initially washed with soap and bottled water and the metal pot, 
tweezers, and pick were boiled for 60 seconds to sterilize them. Each tooth was rinsed 
using bottled water and the calculus was removed using a sterilized dental pick. Water 
collected from each rinse was saved in 1-dram vials and served to remove possible 
contamination from the outside of the calculus. Samples were also taken from the inside 
of the squirt bottles used to rinse the calculus to serve as an additional check against 
contamination. The tweezers and dental pick were sterilized by boiling 60 seconds in 
fresh bottled water between samples.  
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5.3.2 Processing and identification of samples 
 Microplant remains were extracted from calculus samples within the University of 
Connecticut Archaeobotany Laboratory by combining aspects of procedures used by 
Henry and Piperno (2008) and those followed in the Pearsall Laboratory at the University 
of Missouri (D. Pearsall 2011 pers. comm.). Dental calculus samples were placed into 15 
ml labeled centrifuge tubes and 10% sodium hexametaphosphate (Calgon) was added to 
each sample in order to deflocculate the calculus and ease dispersal. After 24 hours, the 
samples were sonicated in an ultrasonic bath for five minutes to help soften the calculus 
matrix and were then placed in a centrifuge and spun at 2000 rpm for two minutes to 
concentrate the samples. The supernatant was removed using sterile, disposable pipettes 
and the samples were rinsed with reverse osmosis water and centrifuged at 2000 rpm for 
two minutes. Rinsing and centrifuging was repeated two additional times to remove any 
remaining Calgon. A 10% solution of hydrochloric acid (HCl) was added to each sample 
to allow the calculus to dissolve. After roughly 12 hours, the samples were rinsed and 
centrifuged two times at 2000 rpm for two minutes to remove the HCl. This process did 
not adequately dissolve the Zeidan calculus, so samples were soaked for an additional 12 
hours in a fresh batch of 10% HCl and samples were rinsed with distilled water and 
centrifuged twice at 2500 rpm for five minutes. One drop of a 1:4 glycerol to water 
solution together with three drops of the dental calculus solution were placed on a 
labelled slide for each sample using sterile, disposable pipettes. Each sample was then 
covered with a cover slip, and sealed with fingernail polish. The remaining materials 
were transferred to labeled 1-dram vials for storage. 
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All the samples were scanned in their entirety using a Zeiss Axiostar Plus 
microscope at 400× magnification. Two hundred starch grains and 200 phytoliths were 
counted when possible, and identified using the Near Eastern Starch Grain and Phytolith 
Comparative Collection housed at the University of Connecticut Archaeobotany 
Laboratory supplemented with established literature (e.g. Henry and Piperno, 2008; 
Piperno et al., 2004; Reichert, 1913). New phytolith types were named according to the 
International Code for Phytolith Nomenclature (Madella et al., 2005) while new starch 
grains were named according to protocol established by the International Code for Starch 
Nomenclature (ICSN, 2014).  
5.4 Results 
5.4.1 Zeidan # 8844; Halaf/Ubaid incisor 
More than 200 calcium spherulate crystals and three psilate long cell phytoliths 
were recovered from the subgingival maxilliary, incisor 2, left calculus sample (Table 
5.2; Figure 5.4). The calcium spherulites had a maximum size of 5m and were present 
in simple and compound forms. They were identified as spherulites, as opposed to 
transitory or small reserve starch grains, by their lack of a rotating extinction cross as 
described by Loy (2006; 123) and blue and yellow coloration when viewed through a 
lambda plate as described by Canti (1998; 439) (Figure 5.4). Several potential fungi were 
identified, although not counted, based on the presence of hyphae (Figure 5.4). 
Birefringent tissues were also noted. The water used to rinse the tooth yielded 
birefringent tissues and one longcell, multicell phytolith. No starch grains, pollen, or 
calcium spherulite crystals were found in the tooth rinse sample. 
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5.4.2 Zeidan # 8846; Ubaid molar 
 Very little was recovered from this supragingival sample. One calcium spherulite 
crystal, one psilate long cell phytolith, and a single birefringent tissue were recorded 
(Table 5.2). Intact calculus was also present. The tooth rinse sample contained one psilate 
long cell phytolith and birefringent tissues. No starch grains, spherulite crystals, or pollen 
were present in the tooth rinse sample. 
5.4.3 Zeidan #s 8838, 8840; Late Chalcolithic 2 cuspid 
The supragingival calculus from the lingual side of this tooth yielded 11 psilate 
long cell single cell phytoliths and intact calculus with visible inclusions. The subgingival 
calculus from the distal side of this tooth yielded birefringent tissues, charred material, 
one echinate long cell phytolith, one dendritic long cell phytolith, and ten psilate long cell 
single cell phytoliths (Table 5.2). The tooth rinse sample contained birefringent tissues 
along with some visible sediment but no starch grains, spherulite crystals, phytoliths, or 
pollen. 
5.4.4 Zeidan # 8848; Late Chalcolithic 2 premolar 
 This supragingival sample contained 17 psilate long cell phytoliths, one piece of 
charcoal (Figure 5.5), and one triporate Betula sp. pollen grain (Figure 5.5), and 
birefringent tissues (Table 5.2). The tooth rinse sample yielded sediment and birefringent 
tissues but no phytoliths, pollen, spherulite crystals, or starch grains. 
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5.4.5 Zeidan #8560; Late Chalcolithic 2 infant molar  
 The calculus from this supragingival sample yielded birefringent tissues and one 
psilate long cell phytolith (Table 5.2). The tooth rinse sample contained birefringent 
tissues but no phytoliths, starch grains, pollen, or spherulite crystals.  
5.4.6 Bottle rinses 
 The wash bottles contained birefringent tissues and a single unidentified starch 
grain. The starch grain is simple and oval in shape with an eccentric, distinct, and 
refractive hilum; eccentric, symmetric, and distinct extinction cross with thin, curved 
arms and a high degree of polarization (Table 5.2). The unidentified starch grain 
measured 14.6 × 14.4 m and has distinct, fine, and complete lamellae with a smooth 
surface (Figure 5.6). No phytoliths, spherulite crystals, or pollen grains were found in the 
rinse bottles. 
5.5 Discussion 
5.5.1 Calcium spherulites and fungi 
This project has yielded insights into new avenues of interpretation for dental 
calculus data and cautions against always associating dental calculi materials with the 
consumption of food. The presence of fungi and over 200 calcium spherulites raises the 
question of how remains that are normally associated with dung and livestock became 
trapped in the Halaf/Ubaid incisor calculus. The presence of fungi in the calculus of the 
Halaf/Ubaid incisor suggests that the occurrence of fungi in the archaeological record 
needs to be better understood (Figure 5.4). Sporomiella, Cercophora, Chaetomium, and 
Coniochaeta are coprophilious fungi that are common in dung and other decaying matter 
  150 
(Reitz and Shackley, 2012).  Sporomiella fungi are also a common indicator of livestock 
dung (Davis and Shafer, 2006; Raper and Bush, 2009) and have been used to trace the 
disappearance of megafauna in North America (Davis, 1987; Davis and Shafer, 2006) 
and Madagascar (Burney et al., 2003). However, archaeological fungi are not always 
associated with dung remains and could have been deposited in calculi through direct 
consumption of mushrooms as a food source or incidental consumption through the 
ingestion of yeast contained in bread and alcoholic beverages (Samuel, 1996). 
Calcium spherulites are microscopic crystals formed in the digestive tracts of 
animals. They are produced mostly by herbivores such as sheep/goat, cow, and deer 
(Canti, 1999; 1998; 1997) and are deposited in animal dung (Lancelotti and Madella, 
2012). They preserve well in the archaeological record and serve as an indicator of dung 
and agricultural activities alongside other indicators such as phosphates, loss on ignition, 
macrobotanicals, parasites, phytoliths, gas chromatography/ mass spectometry analysis, 
DNA and aDNA, stable isotopes, and pollen (Lancelotti and Madella, 2012; Shahack-
Gross, 2011). In most cases spherulites are found in archaeological sediments associated 
with dung burning and animal penning and are not generally associated with dental 
calculi such as the spherulites recovered in Jordan (Albert and Henry, 2004; Portillo et 
al., 2009), Israel (Shahack-Gross et al., 2005), Syria (Portillo et al., 2010; 2014), and 
Tunisia (Portillo and Albert, 2011).  
The abundance of spherulites within intact calculus, their adhesion to intact 
calculi (Figure 5.4) and the absence of spherulites from the tooth rinses and in the wash 
bottles collectively indicate that the spherulites were embedded in the calculus matrix and 
are not contaminants. One hypothesis for their presence is that the spherulites are direct 
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indicators of the consumption of internal organs (S. Samei pers. comm.). Internal organs 
are a culinary component of many cultures around the world, including those in 
Southwest Asia. The consumption of foods that contain these organs, in particular the 
small intestines, may have resulted in the deposition of spherulites in the calculus (Canti, 
1999).  
A second hypothesis suggests that dung materials were transferred to the mouth 
accidentally as food contaminants. Dung cakes are commonly produced throughout 
Southwest Asia as an alternative fuel source and have been recovered from later Ubaid 
period settlements in the area (Graham and Smith, 2013). It is possible that spherulites 
and fungi could have been transferred to the mouth through contamination of cooked 
and/or raw food, unwashed hands, or becoming airborne and then ingested after fuel 
combustion.  
A third hypothesis suggests that the high concentration of spherulites and the 
presence of fungi were the result of an individual using dung ash as a tooth powder to 
clean their teeth. E. E. Evans-Prichard first documented the use of dung powder among 
the Nuer when he noted that “They cover their bodies, dress their hair, and clean their 
teeth with the ashes of cattle dung…” (Evans-Prichard, 1940; 37). Indeed, dung ash is 
sold commercially today and is used as an alternative to toothpaste in many parts of the 
world where cattle play an important part of daily life such as the contemporary Nuer and 
rural India. The active cleaning of the teeth with tooth powder may have also removed 
starches from the teeth thereby preventing them from becoming trapped in the calculus of 
the individual at Tell Zeidan.  
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5.5.2 Betula sp. pollen and charcoal 
The presence of a single Betula pollen grain and a single piece of charcoal from 
the LC2 supragingival premolar raises the question of how pollen from a tree that is 
normally associated with colder wet environments ended up in the calculus of an 
individual in northern Mesopotamia. Tell Zeidan was located at the intersection of 
riverine forest and steppe environments towards the end of the LC2 period (Deckers and 
Pessin, 2011; 34). Archaeobotanical evidence from slightly later Early Bronze Age sites 
in the region such as Sheh Hamad, Mozan, and Emar suggest that northern Mesopotamia 
had a variety of ecosystems stretching from Euro-Mediterranean forests in Anatolia to 
steppes and riverine forests in the south (Deckers and Pessin, 2011). However, Betula 
macrobotanical remains are not present at any of these Early Bronze Age sites and none 
of these environments provide suitable conditions for Betula growth which requires 
cooler and wetter environments for growth. Contamination at Tell Zeidan does not appear 
to have occurred because there are no pollen grains or charcoal in the tooth rinse. Future 
examination of sediment samples from the pelvic area of this individual await exportation 
from Syria and could help shed light as to whether or not the pollen and charcoal are 
associated with diet or other behaviors such as the ritual burning of birch wood during 
burials. 
5.5.3 Grass phytoliths 
Small amounts of grass phytoliths were found in the teeth from all three time 
periods. Psilate long cell phytoliths that are indicative of leaf/stem tissues were found in 
all of the six samples including one found in the infant calculus. One echinate long cell 
and one dentritic long cell phytolith were found in the Late Chalcolithi 2 sample below 
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the gum line and are associated with grass husk fragments (Table 5.2). The presence of 
leaf/grass phytoliths in the calculus samples may or may not represent diet given the 
ubiquity of these types found in the domestic area of Tell Zeidan during the Ubaid period 
(Chapter 4). These phytoliths may have become part of the calculus during normal 
consumption or by accident through everyday activities such as putting random objects in 
the mouth as infants are prone to do. 
5.5.4 Potential contamination 
It is difficult to determine the extent of possible contamination in this study. Dust 
in the form of birefringent tissues was present in four of the six of the dental calculus and 
tooth rinse samples suggesting that microscopic airborne particles are prevalent at Tell 
Zeidan in antiquity and during the 2010 excavations. The only starch grain found in this 
study was recovered from the wash bottle suggesting that there was limited transfer of 
potential contaminants from wash bottle to calculus samples. However, despite these the 
dust and single starch grain, it appears that very little contamination occurred and that the 
protocol that were used were effective in mitigating potential contamination despite the 
less than ideal sampling conditions in the field. 
5.6 Conclusions 
The dental calculus samples examined in this study yielded enough data to 
recommend further investigations into other dental calculus samples present at Tell 
Zeidan. Plant microfossils were recovered from all samples including the infant sample 
as well as both above and below the gumline of the Late Chalcolithic 2 cuspid. Calcium 
spherulites, fungi, pollen, and charcoal recovered from the calculus may provide insights 
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into previously unknown behaviors if found in other teeth. Although starch grains were 
absent, phytoliths were recovered from the calculus and were indicative of grass husk and 
leaf tissues and hold promise for future investigations into diet if found in sizable 
quantities.  
The successful recovery of pollen, calcium spherulites, charcoal, phytoliths, and 
fungi with minimal contamination suggests that additional dental calculus studies should 
be conducted at Tell Zeidan when political conditions in Syria improve. The abundance 
of calcium spherulites and the presence of fungi in the Halaf/Ubaid incisor suggest that 
more work needs to be conducted on potential pathways for spherulite deposition such as 
the inclusion of spherulites through the ingestion of internal organs as food or the 
inclusion of spherulites and fungi through dung tooth powder. Finally, this project 
demonstrates that while the remains recovered from dental calculi are often associated 
with diet or medicinal use, this assumption is not absolute and that other behaviors that 
may result in the inclusion of materials in dental calculi should be taken into 
consideration. 
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Table 5.1: Dental calculus samples and associated contexts. *indicates sample from the 
same individual. 
 
Phytolith 
Zeidan # 
Calculus type Tooth 
type/number/side 
Period Age cal. B.P. Age of 
individual 
8844 Subgingival  max I2 L 
(Labial) 
Halaf/Ubaid 
transition  
6,550 ± 40 BP 
(Stein, 2011: 
127) 
Adult 
8846 Supragingival Max M3L 
(Labial-mesial) 
Ubaid n/a Adult 
8838* Supragingival mand C L 
(lingual) 
LC 2 n/a Adult 
8840* Subgingival mand C L (distal) LC 2 n/a Adult 
8848* Supragingival mand PM1L 
(labial) 
LC 2 n/a Adult 
8560 Supragingival max dm1 L 
(buccal) 
LC 2 n/a 
 
Infant 
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Table 5.2: Raw counts of microfossils from dental calculus and rinse samples. Rinse samples are 
indicated in parantheses. X = present but not counted. 
 
Sample ZD # 
8844 
incisor 
ZD# 
8846 
molar 
ZD # 8838, 8840  
cuspid 
 
ZD# 8848  
premolar 
ZD# 8560  
infant molar 
Bottle 
rinse 
  Sub- 
gingival 
Supra- 
gingival 
Supra- 
gingival 
Sub- 
gingival  
Supra- 
gingival 
Supra- 
gingival 
  
Calcium 
spherulites 
200+ 1           
Psilate 
long cell 
single cell 
phytoliths 
3 1 (1) 11 10 17 1   
Psilate 
long cell 
multicell 
phytolith 
(1)             
Echinate 
long cell 
short cell 
phytolith 
      1       
Dendritic 
long cell 
short cell 
phytolith 
      1       
Charcoal         1     
Betula sp. 
pollen 
        1     
Unidentifi
ed starch 
grains 
            1 
Fungi X             
Birefringe
nt tissues 
X(X) X(X)   X(X) X(X) X(X) X 
Charred 
material 
      X       
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Figure 5.1: Location of Tell Zeidan, Syria (Stein, 2009: 126). 
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Figure 5.2: Topographic map of 2010 Excavations at Tell Zeidan, Syria (Stein, 2011:124) 
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Figure 5.3: Dental calculus samples in this study from left to right: a) subgingival  
maxilliary, incisor 2 on the left side from Halaf/Ubaid transition; b) supragingival  
maxilliary, molar 3 on the left side from  the Ubaid; c) lingual, and d) distal sides of the  
mandible left canine from the LC 2 period; e) the  mandible premolar 1 left side from the  
LC 2 period; f) subgingival maxillary deciduous molar 1 left side of an LC 2 infant tooth.  
Arrows indicate location of calculus sampled. 
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Figure 5.4: 1) Calcium spherulite crystals in (a) transmitted, (b) polarized, and (c) lambda 
plate light; and 2) fungus in (a) transmitted and (b) polarized light from Halaf/Ubaid 
incisor at 40× magnification. Scale bar equals 20m. Notice the characteristic blue and 
yellow coloration of the calcium spherulites in lambda plate filtration. 
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Figure 5.5: a) Charcoal and b) Betula sp. pollen from LC2 premolar at 400× 
magnification. Scale bar equals 20m. 
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Figure 5.6: (a) Transmitted and (b) polarized view of unknown starch grain from rinse 
bottle 400× magnification. Scale bar equals 20m. 
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Chapter Six: Conclusions 
 The Ubaid period of Mesopotamia provides an opportunity to explore the 
relationship between the development of social complexity and agriculture in one if its 
earliest incarnations. This study expands the knowledge of plant use practices during this 
critical time at one of the largest Ubaid period settlements in Northern Mesopotamia: Tell 
Zeidan, Syria. Comparative analysis of phytoliths and starch grains from previously 
unstudied taxa that could be present at Tell Zeidan reveal new ways of identifying these 
species in the archaeological record and addresses the promise, and limitations of using 
these plant microfossils as archaeological tools in Southwest Asia. Phytoliths were 
recovered from the sediments of domestic contexts from the northeastern section of Tell 
Zeidan to reveal different use areas and provide insights into how the inhabitants were 
using their plant materials in domestic contexts such as a kitchen. Recovery of phytoliths, 
calcium spherulites, pollen, charcoal, and fungi from human dental calculus from the 
Halaf, Ubaid, and Late Chalcolithic 2 periods reveals the complex nature of dental 
calculus analysis and demonstrates that dietary interpretations may not always be 
straightforward.  
In Chapter 2, which examined starch grain production patterns, ten out of the 64 
species that were analyzed produced starch grains in large enough quantities that could be 
identified archaeologically. These species came from the Cyperaceae, Fabaceae 
(Leguminosae), Moringaceae, and Poaceae (Gramineae) families and included Cyperus 
esculentus, Vicia ervilia, Moringa peregrina, Aegilops crassa, A. triaristata, A. vavilovii, 
Hordeum distichon, Pennisetum americanum, Triticum compactum, and T. durum. All of 
the starches were recovered from seeds with the exception of Moringa peregrina, which 
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was recovered from the pericarp. The production of starches in the pericarp of Moringa 
peregrina challenges the assumption that starch grains are only stored in seeds and not in 
the surrounding plant tissues. The 54 species that did not produce starch grains included a 
few domesticated taxa such as Ficus carica and Pistacia atlantica and mostly wild taxa 
such as Bromus scoparius, Notobasis syriaca, and Trigonella stellata. In instances where 
multiple species within a genus produced starch grains, the size and morphology often 
appeared to be similar.  More detailed morphometric analysis of these starches using 
discriminant analysis could be useful in the future to determine whether certain features 
associated with these starches allow for identification at the species level. Future research 
into the analysis of starch grains from underground storage organs such as roots, tubers, 
corms, and rhizomes of Cyperaceae taxa would provide insights into whether or not these 
taxa are also used as a source of food as opposed to their known use as material for the 
construction of reed baskets, mats, and roofs.  
In Chapter 3, a review of the literature revealed that phytoliths have been studied 
thoroughly in wild and domesticated Pocaceae taxa from Southwest Asia. However, very 
little work has been conducted on non-grass, non-domesticated taxa. This study fills that 
gap by focusing on non-grass wwedy taxa and revealed that 170 of the 181 taxa studied 
(Table 3.3 and Appendix 1) either do not produce phytoliths or produce very few, generic 
phytolith types that are common in almost all plants.  These species come from families 
that are not expected to produce phytoliths, such as members of Solonaceae, and families 
whose production varies by subfamily such as Malvaceae and Ranunculaceae.  
Eleven species from four families (Boraginaceae, Moraceae, Euphorbiaceae, and 
Ranunculaceae) produced phytoliths that could be identified if found in the 
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archaeological record. The phytoliths that were produced by these families were similar 
to phytoliths produced in other closely related genera of the same family. Cystolith 
phytoliths in Ficus retusa leaves hold the most potential for being diagnostic to the 
species level while the hair cells and psilate long cells produced by many of the other 
taxa in this study are useful indicators of leaf tissues.  
The approach adopted in Chapter 3 stands in stark contrast to the general 
literature in which species are only published if they produce phytoliths. I argue that 
equal attention needs to be paid to taxa and plant parts that do not produce phytoliths as 
those taxa that do produce phytoliths. This knowledge is necessary to determine the range 
of species that are absent in the archaeological record and whether or not they are missing 
due to taphonomic and archaeological factors, factors associated with phytolith 
production patterns, or lack of use. In addition, this knowledge will enhance the 
efficiency of research by minimizing the need for duplicate comparative studies. 
Additional detailed studies of phytolith types, such as the short cells types within 
Poaceae, would greatly help in the development a Southwest Asian identification key that 
could be used to identify grasses to the species and subspecies levels. This type of 
research would provide clearer interpretations of the phytolith record at sites such as Tell 
Zeidan by showing what plant species were present in different contexts.  
Phytoliths may be used to identify different activity areas in instances where plant 
use is spatially patterned. Sixteen samples from Ubaid period domestic contexts from the 
northeast mound of Tell Zeidan were analyzed for this project. The results of this study 
presented in Chapter 4 demonstrate that the inhabitants exploited a variety of plants, 
including wild grasses, Triticum sp., Hordeum sp., herbaceous plants and wetland taxa. 
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Crop processing debris was particularly abundant in one of the hearths at Tell Zeidan. 
The crop byproduct that was burned inside the structures of Operations 11 and 14 
appeared to come primarily from wild grass husks and leaf/stem tissues. The inhabitants 
kept the floors and hearths relatively clean and would often dump their ash remains in 
different corners of the domestic complex and the general waste material outside.  Ritual 
activities were associated with an infant burial in which wild and domesticated grasses 
may have been interned with the infant. A second ritual activity took the the form of large 
quantities of ceramics, animal bone, ceramics, and a mixed grass signature buried under a 
mudbrick wall. Phytolith analysis of the remaining 17 samples taken from other areas of 
Tell Zeidan will provide addition insights into the activities that were associated with 
industrial areas of the settlement. 
 Finally, Chapter 5 demonstrates that while the remains recovered from dental 
calculi are of often associated with diet, dental calculus may also contain other remains 
associated with behavior not directly connected with eating. Six dental calculus samples 
from four individuals from the Halaf/Ubaid transition, Ubaid, and Late Chalcolithic 2 
periods were analyzed for this paper. The calculus matrix from the Late Chalcolithic 2 
period contained a Betula pollen and charcoal. How Betula pollen became embedded in 
the calculus remains unclear as Betula is a tree species commonly found in colder, wetter 
environments not associated with the Late Chalcolithic 2 at Tell Zeidan.  
The Ubaid period dental calculus did not contain any starch grains while the 
Halaf/Ubaid transition calculus contained calcium spherulites and fungi. The presence of 
abundant calcium spherulites in the Halaf/Ubaid calculus poses a unique interpretive 
dilemma because calcium spherulites are produced in the gut contents of ruminants such 
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as cattle and sheep and are usually an indicator of dung in the archaeological record. 
Several possible pathways to their inclusion in human dental calculus exist including the 
accidental ingestion of feces, consumption of foods containing ruminant gut contents 
such as organ meats, or the use of burned dung as a tooth powder to clean teeth. The 
presence of spherulites and fungi (which can also be found in dung) together suggests 
that this individual was most likely using dung tooth powder to clean their teeth. Actively 
using tooth powder as a dental hygiene product may also explain why starch grains were 
absent. Continual scrubbing of teeth with a tooth powder would prevent starch and other 
food items from becoming trapped in the calculus. 
 This project has taken the first steps towards exploring the potential relationship 
between subsistence and emerging social complexity in northern Mesopotamia. There are 
many avenues of research to pursue that would aid in our understanding of the 
archaeological record.  Continuing to expand and explore the types of phytoliths and 
starch grains produced by Southwest Asian, with special attention paid to wetland plants 
taxa, would increase our understanding of the plants that were used and consumed. 
Detailed analysis of different phytolith types within the grass family would hopefully 
allow researchers to distinguish between different grass species in the same way that 
researchers are able to use phytoliths such as bulliforms and short cell cross bodies to 
distinguish Oryza (rice) and Zea mays (maize) taxa. Phytolith analysis of the remaining 
Ubaid period samples alongside starch grain and spherulite analysis of all the sediment 
samples from Tell Zeidan will provide a more complete picture of plant use. 
Ethnoarchaeological studies of spherulites contained in dung powders and organ meats 
might be able to shed light into the dietary and medicinal practices during the 
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Halaf/Ubaid transition at Tell Zeidan thereby providing a whole new avenue of research 
into the daily lives and practices of this emerging complexity society at the edge of the 
Mesopotamian heartland.  
Finally, this dissertation provides some limited results regarding plant use during 
the Ubaid period at Tell Zeidan, Syria. Wild grasses as well as wheat and barley were 
being used at Tell Zeidan and were often found as a component of a waste deposit outside 
of the domestic contexts and in ash dumps inside the domestic contexts. The inhabitants 
were also using wood and local wetland resources potentially as an additional source of 
fuel as well as basic building materials. Grasses also may have played a role in ritual at 
Tell Zeidan in which they were included in both the infant burial and the offering under 
the mudbrick wall. While little information was available regarding food production 
patterns that could be used to explore social organization and emerging complexity, this 
project has laid the groundwork necessary for exploring these important topics in the 
remaining samples from Tell Zeidan and at other important Ubaid period settlements in 
the future. 
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Appendix 1: List of Plant Species and Parts That Did Not Produce Phytoliths  
List of plant species examined in this study that did not produce phytoliths. Plant parts in 
parenthesis were processed together as a single sample. Infl. = inflorescence 
 
Family Genus/ species Plant part 
Amaranthaceae Aerva javanica seeds, infl. 
 Amaranthus blitoides leaves, seeds, infl. 
Anacardiaceae Pistacia atlantica seeds 
 Pistacia khinjuk  seeds 
 Pistacia palaestina  seeds 
 Pistacia terebinthus seeds 
 Pistacia vera seed capsule 
 Rhus coriaria fruit, seeds 
Apiaceae 
(Umbelliferae) 
Bupleurum lancifolium seed 
 Cuminum cyminum  seed 
 Foeniculum vulgare stem, seed 
 Torilis arvensis stem, seed 
 Torilis leptophylla seed 
Asteraceae 
(Compositae) 
Anthemis einctoria seeds, infl. 
 Artemesia arborescense leaves, infl., seeds 
 Blumea bovei root, stem, leaves, infl. 
 Calendula palaestina infl. 
 Carthamus glaucus leaves, stem, infl. 
 Carthamus tenuis (leaf, stem, infl.) 
 Carthamus tinctorius seeds 
 Centaurea balsamitoides (leaf, stem, infl.) 
 Centaurea bruguieriana seeds, (leaf, stem, infl.) 
 Centaurea hyalolepis inflorescence, (leaf, stem, infl.) 
 Centaurea iberica (leaf, stem, infl.) 
 Centaurea rigida seeds, infl. 
 Chrysanthemum coronarium stem, (infl., leaves), (seeds, infl.), 
(leaves, stem, infl.) 
 Crepis aspera  (infl., stem), stem, infl. 
 Crepis foetida  (infl., stem) 
 Crepis kotschyana (leaf, stem, infl.) 
 Crepis syriaca seeds 
 Echinops adenocaulos leaves, stems, infl. 
 Guizotia abyssinica seeds 
 Helianthus annus  seeds 
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Appendix 1: Cont. 
 
Family Genus/ species Plant part 
 Koelpinina linearis seeds 
 Leontodon laciniatus seeds 
 Metricaria aurea stems, infl. 
 Notobasis syriaca seeds 
 Onopordum illyricum  seeds, infl. 
 Onopordum palaestinum seeds, infl. 
 Picris kotschyi seeds 
 Rhagadiolus stellatus seeds 
 Silybum marianum seeds 
Boraginaceae Arnebia decembens infl., seeds, leaves 
 Echium angustifolium infl. 
 Heliotropium bovei (infl., stem), infl. 
 Heliotropium myosotoides stem, infl. 
 Heliotropium rotundifolium seed 
 Heliotropium suaveolens stem 
 Moltkia longiflorum stem 
Brassicaceae 
(Cruciferae) 
Euclideum syriacum stem, seed 
 Farsetia longisiliqua seed 
 Hirschfeldia incana stem, leaves, infl. 
 Lepidium latifolium (leaf, stem, infl.) 
 Malcomia crenulata seed 
 Neslia apiculata seed 
 Ochthodium aegyptiacum  seed 
 Sisymbrium irio (seed, seed capsule) 
 Torularia torulosa  (seed, seed capsule) 
Capparaceae Capparis spinosa fruit, stem, infl. 
 Dipterygium glaucum seed 
Caryophyllaceae Dianthus strictus stem, leaves, infl., seed 
 Gypsophilia linearfolia  stem, leaves, infl. 
 Gypsophilia pilosa  seed, infl. 
 Paronychia kurdica  infl. 
 Silene coniflora  seed 
 Silene conoidea  seed 
 Silene grisea seed, infl. 
 Silene physalodes  stem, seed, infl. 
 Vaccaria pyramidata  infl. 
Chenopodiaceae Atriplex leucoclada seeds 
 Chenopodium album  seeds 
 Chenopodium murale  (leaf, seeds) 
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Family Genus/ species Plant part 
 Chenopodium rubrum  seeds 
 Noaea mucronata  (leaf, stem) 
 Salsola vermiculata (leaf, stem, infl.), infl. 
 Suaeda altissima  (leaf, stem, infl.) 
Cistaceae Cistus creticus  seeds 
 Helianthemum aegyptiacum  seeds 
 Helianthemum salicifolium  stem, leaves, infl. 
 Helianthemum vesicarium seed, infl. 
Colchicaceae Colchicum sp. tuber 
Convolvulaceae Convolvulus arvensis  (leaf, stem), infl., seeds 
 Convolvulus doryenium  infl., seeds 
 Convolvulus reticulus  leaf 
Cucurbitaceae Citrullus colocynthus  seeds 
Cyperaceae Cyperus longus  root 
Dipsacaceae Cephalaria joppensis  infl., stem 
 Cephalaria setosa  infl., leaves, stem 
 Cephalaria syriaca   infl., leaves, stem 
Euphorbiaceae Chorozophora tinctoria  seeds, pericarp 
 Euphorbia aleppica  leaves,infl. 
 Euphorbia gaillardotii  (leaves, infl.) 
 Euphorbia helioscopia seeds 
Fabaceae  
(Leguminosae) 
Acacia nilotica  seeds 
 Alhagi cf. camelorum  leaves, infl., (leaves, stem) 
 Astragalus cf. hamosus  legume,(legume, legume capsule) 
 Cicer arietinum  legume, (legume, legume capsule),  
leaves, (leaves, stem), infl. 
 Hippocrepis unisiliquosa  legume 
 Hymenocarpos circinnatus leaves, legume 
 Lens culinaris legume, legume capsule 
 Medicago orbicularis legume capsule 
 Melilotus indicus leaves, stem, infl. 
 Onobrychis crista-galli legume 
 Ononis pubescens (leaves, stem), legume, leaves, infl. 
 Prosopis farcta  legume 
 Trigonella foenum-graecum legume 
 Trigonella monantha  legume, leaves, legume capsule 
 Trigonella stellata  legume, leaves 
 Vicia ervilia  legume capsule, legume 
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Family Genus/ species Plant part 
Geraniaceae Erodium ciconium  infl., seed 
 Erodium cicutarium  infl., stem 
 Erodium gruinum  seed, stem, infl. 
 Erodium laciniatum  seed, infl., stem, leaves 
Hypericaceae Hypericum serpyllifolium  leaves, stem 
Illecebraceae Herniaria cinerea  (leaves, stem, infl.) 
 Herniaria hemistemon  (leaves, stem, infl.) 
Juncaceae Juncus acutus  infl., culm 
Lamiaceae 
(Labiatae) 
Stachys longspicata  stem, leaves, (seed, infl.) 
 Teucrium polium  infl. 
 Ziziphora tenuior stem, leaves, infl. 
Liliaceae Allium cepa (stem, infl.), seed 
 Bellevalia sp. seed, stem, infl. 
Linaceae Linum ussitatissimum stem 
Malvaceae Alcea kurdica  infl. 
 Corchorus olitorius  seeds, seed capsule 
 Corchorus trilocularis  seed capsule 
 Malva parviflora  seed, infl. 
Moraceae Ficus retusa  fruit, synconium 
Moringaceae Moringa peregrina  pericarp, seed 
Oleaceae Olea europaea  seed 
Papaveraceae Glaucium corniculatum  seed capsule, seed, stem, leaves 
 Papaver syriacum  stem, (seed, infl.) 
Pedaliaceae Sesamum indicum  seeds 
Pinaceae Cedrus libani  leaf, stem, infl. 
 Pinus halepensis  stem 
Plantaginaceae Plantago bellardii  seed, stem, infl. 
 Plantago coronopus  infl. 
 Plantago cretica  stem, infl. 
 Plantago ovata infl. 
Polygonaceae Polygonum patulum  infl., stem, seed 
 Polygonum venantianum  seed, (stem, infl.) 
 Rumex crispis  (stem, infl.)   dentatus  infl. 
 Rumex pulcher  infl. 
Primulaceae Angallis sp. stem, leaves, infl. 
Punicaceae Punica granatum  seeds 
Ranunculaceae Adonis dentata (infl.), stem, seed 
 Ceratocephalus falcatus  infl. 
 Ranunculus acris/repens  leaf, infl. 
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Family Genus/ species Plant part 
 Ranunculus arvensis  seed 
Resedaceae Reseda alba  seed capsule 
Rhamnaceae Rhamnus palaestinus  fruit, pericarp, seed 
Rosaceae Amygdalus arabica  pericarp, seed 
 Amygdalus communis  stem, pericarp 
 Amygdalus orientalis  exocarp, pericarp, seed 
 Crataegus aronia  stem, pericarp, seed 
 Prunus domestica  pericarp 
 Prunus mahaleb  seed 
 Prunus persica  pericarp, seed 
 Rosa canina  seed, pericarp, seed 
 Rosa phoenicea  pericarp, seed 
 Rubus sanctus  infl., seed 
 Sanguisorba minro  seed 
 Sarcopterium sinposum  seed 
Rubiaceae Asperula arvensis  leaves 
 Coffea arabica  legume 
 Crucianella exasperata  infl., seed 
 Crucianella macrostachyna  seed, infl. 
 Galium tricornutum  seed 
Scrophulariaceae Linaria chalepensis  infl. 
 Scrophularia cf.deserti  stem, seed, infl. 
Solanaceae Hyoscamus muticus infl., seed 
 Physalis alkekengi  synconium, infl. 
 Physalis angulata  infl., synconium 
 Solanum sepicula  stem, pericarp, seed 
Xanthorrhoeaceae Asphodeline brevicaulis  stem, infl., seed 
Zygophyllaceae Balanites aegyptiaca  pericarp, endocarp, seed 
 Peganum harmala  infl., seed 
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Appendix 2: Glossary of Phytolith Terms Used in This Publication 
According to the International Code for Phytolith Nomenlacture (ICPN), the formula for 
describing a phytolith is as follows: First descriptor (shape) + Second descriptor (texture 
and ornamentation) + Third descriptor (anatomical origin). (Madella, M.M., Alexandre, 
A., Ball, T.B., 2005. International code for phytolith nomenclature 1.0. Annals of Botany 
96, 253–260.). 
 
 
Descriptors 
First descriptor: shape 
Acicular: needle-shaped 
Elongate: much longer than wide 
Globular: spherical or nearly so; spheroid 
Lanceolate: shaped like a lance-head, several times longer than wide, broadest above the 
base and narrowed to the apex 
Oblong: longer than broad and with nearly parallel sides 
Orbicular: circular 
Polygonal: This is a non ICPN term used to describe any two-dimensional shape with 
multiple straight, non-parallel edges 
Quadrilaterial:  This is a non ICPN term used to describe any two-dimensional shape 
with four, unequal sides 
Tabular: thin and flat like a table 
Unciform:  shaped like a hook 
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Second descriptors: texture and ornamentation 
Crenate: notched or scalloped; dented with the teeth much rounded 
Echinate: beset with prickles 
Fine:  consisting of particles smaller than 2m diameter 
Irregular: without formal arrangement 
Papillate: having papillae (minute rounded or acute protuberances) 
Psilate: having a smooth, or sub-smooth surface; smooth 
Sinuate: having a margin with alternating but uneven concavities and convexities 
Sorbiculate: pitted 
Sulcate: furrowed 
 
Third descriptor: descriptors for anatomical terms 
These are basic phytolith types that are commonly described throughout phytolith 
literature (Madella et al., 2005: 259–260).  
Hair cell base:  
 
Hair cell:  
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Long cells:  
 
Tracheids:  
 
Vascular tissue or cell:    
 
Other non-ICPN descriptors 
Nonsegmented: not having internal divisions or sections (this term is not listed in the 
ICPN but is used in other sources such as Pearsall (2000) to describe the difference 
between different types of hair cells). 
 
Other non-ICPN anatomical terms 
These are anatomical terms for different types of phytoliths not covered by the ICPN. 
Multicells: Aggregates of individual phytolith still in situ (Rosen, 1999) 
Perforated sheet: Flat tissue with small, circular holes. Slightly opaque 
Mesophyll: Sometimes referred to as “honeycomb” tissue 
Cystolith: Small cells formed in leaf tissues  
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Appendix 3: Detailed Context Descriptions 
The following are descriptions of the different contexts studied in Chapter 4. They are 
organized by Operation, Locus, Lot, and then Zeidan #. 
 
Operation:   11       Locus:   51           Lot:       70          Zeidan #: 5413 
Deposit type: Outdoor surface buildup 
Deposit class: Secondary 
Physical description of deposit: Dark brown sediment, with carbonized material and 
speckles of calcium carbonate.  
Interpretation: Accumulation of exterior surface build up.  
 
Operation:   11       Locus:   76           Lot:       102          Zeidan #: 5421 
Deposit type: Trash pit 
Deposit class: Secondary 
Physical description of deposit: Black and dark brown ashy pitashy pit. 
Interpretation: Hearth or pit cut from floor 75. 
 
Operation:   11       Locus:   78           Lot:       128          Zeidan #: 5425 
Deposit type: Trash pit 
Deposit class: Secondary 
Physical description of deposit: Pit filled with hard green sediment and ash. 
Interpretation: Discard pit? 
 
Operation:   11       Locus:   80           Lot:       103          Zeidan #: 5419 
Deposit type: Root hole 
Deposit class: Secondary 
Physical description of deposit: Loose and ashy silt sediment. root pit running under 
wall 59 from its eastern extreme, ashy with mingled bones and ceramic vessels. 
Interpretation: Due to the amount of bone and pottery found in the locus and the lack of 
brick from inside the wall where the root protrudes, we suspect that it could be a 
ritual deposit within the brick disturbed by roots that usually take the easiest path 
available to them in the ground.  
 
Operation:   11       Locus:   87           Lot:       119          Zeidan #: 5422 
Deposit type: Trash pit 
Deposit class: Secondary 
Physical description of deposit: Pit filled with clay sediment and ash. 
Interpretation: Discard pit probably used after the building was abandoned. 
 
Operation:   11       Locus:   91           Lot:       127         Zeidan #: 5426 
Deposit type: Trash pit 
Deposit class: Secondary 
Physical description of deposit: Hard gray clay deposit, with carbonized organic 
material. 
Interpretation: Discard pit from phase 3 
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Operation:   11       Locus:   93           Lot:       128          Zeidan #: 5427 
Deposit type: Bin 
Desposit class: Feature 
Physical description of deposit: Plastered clay  
Interpretation: Clay bin, use is still unclear.  
 
Operation:   11       Locus:   95            Lot:       139          Zeidan #: 8554 
Deposit type: Human burial 
Deposit class: Burial 
Physical description of deposit: Crumbly clay surrounding fragmented incomplete 
infant skeleton.  
Interpretation: Secondary human infant burial in internal court yard of house.  
 
Operation:   11       Locus:   97            Lot:       135          Zeidan #: 5428 
Deposit type: Trash pit 
Desposit class: Secondary 
Physical description of deposit: Soft loose ash  
Interpretation: Oven cleaning pit? 
 
Operation:   11       Locus:   97            Lot:       149          Zeidan #: 5446 
Deposit type: Trash pit  
Desposit class: Secondary  
Physical description of deposit: Soft loose ash  
Interpretation: Oven cleaning pit? 
 
Operation:    11      Locus:     105         Lot:    153             Zeidan #: 5443 
Deposit type: Floor/indoor surface 
Deposit class: Feature 
Physical description of deposit: Plastered floor   
Interpretation: Plastered occupation surface of room bound by wall 56 from north. 
 
Operation:   11       Locus:      106        Lot:       154          Zeidan #: 5444 
Deposit type: Hearth 
Deposit class: Feature  
Physical description of deposit: Stones surrounding ashy depression. 
Interpretation: Perhaps cooking hearth used to serve room in which it was placed.  
 
Operation:   14       Locus:   6               Lot:       15           Zeidan #: 5423 
Deposit type: Trash pit 
Deposit class: Secondary 
Physical description of deposit: Ashy pit fill, with charcoal and calcium carbonate 
inclusions, and much greenish decomposed deposit. Many potsherds, an 
extremely large amount of animal bones and human remains (including 2 crania) 
from at least 4 individuals. the earlier, southern, pit has slightly lighter grey and 
harder material than the later, northern, pit. 
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Interpretation: Two phases of pits. The earlier one, in the south, was later filled in, and 
mud-brick wall 23 was constructed on top of it. The later pit was then dug to the 
N, cutting into part of the earlier pit as well as wall 23 and 16 on top, explaining 
why the northern continuation of wall 23 is at such a lower level (the bottom of 
the pit).NB: The two pits both have locus 6, but were separated by lots as soon as 
it was recognised that 2 separate pits existed. 
 
Operation:   14       Locus:   6           Lot:       55          Zeidan #: 5417 
Deposit type: Trash pit 
Desposit class: Secondary 
Physical description of deposit: Ashy pit fill, with charcoal and calcium carbonate 
inclusions, and much greenish decomposed deposit. Many potsherds, an 
extremely large amount of animal bones and human remains (including 2 crania) 
from at least 4 individuals. the earlier, southern, pit has slightly lighter grey and 
harder material than the later, northern, pit. 
Interpretation: Two phases of pits. The earlier one, in the south, was later filled in, and 
mud-brick wall 23 was constructed on top of it. The later pit was then dug to the 
N, cutting into part of the earlier pit as well as wall 23 and 16 on top, explaining 
why the northern continuation of wall 23 is at such a lower level (the bottom of 
the pit). NB: The two pits both have locus 6, but were separated by lots as soon as 
it was recognised that 2 separate pits existed. 
 
Operation:   14       Locus:   6           Lot:       59          Zeidan #: 5418 
Deposit type: Trash pit 
Deposit class: Secondary 
Physical description of deposit: Ashy pit fill, with charcoal and calcium carbonate 
inclusions, and much greenish decomposed deposit. Many potsherds, an 
extremely large amount of animal bones and human remains (including 2 crania) 
from at least 4 individuals. the earlier, southern, pit has slightly lighter grey and 
harder material than the later, northern, pit. 
Interpretation: Two phases of pits. The earlier one, in the south, was later filled in, and 
mud-brick wall 23 was constructed on top of it. The later pit was then dug to the 
N, cutting into part of the earlier pit as well as wall 23 and 16 on top, explaining 
why the northern continuation of wall 23 is at such a lower level (the bottom of 
the pit). NB: The two pits both have locus 6, but were separated by lots as soon as 
it was recognised that 2 separate pits existed. 
 
Operation:   14       Locus:   29           Lot:       80          Zeidan #: 8551 
Deposit type: Trash pit 
Desposit class: Secondary 
Physical description of deposit: Dark ashy pit fill, charcoal and calcium carbonate 
inclusions, much animal bone. 
Interpretation: A pit that cut  wall 16, exposing mud-bricks from 63, visible at the 
bottom of this locus. also cut into room fills 25 and 28. 
